The biology of toxoplasma by Kaplan, Harold Leonard
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1948
The biology of toxoplasma
https://hdl.handle.net/2144/13864
Boston University
IP
Boston University
CoUege of Liberal Arts
Library
9BOSTON UNirrSRSITY
GRADUATE SCHOOL
Thesis
THE BIOLOGY OF TOXOPL/.SFA
Earold Leonard Kaplan
A.B., Harvard University, 1946
Eubmatted in partial fulfillment of the
. requirements for the degree of
Master of Arts
1948
BOSTON UNIVERSITY
COLLEGE OF LIBERAL ARTS
LIBRARY

Approved
by
First ReaderooVK
Professor of
Second Reader.
' Professor off
I
TOPICAL OUTLINE
Page
I . HISTORICAL 1
II. CI./iSSIFIGATION
Taxonomy • . . , o 5
Nomenclature 8
III. BIOLOGY
Morphology and Cytology , ..o.. <, 11
Life Cycle and Method of Reproduction ,.16
Host Range and Tissue Specificity 20
Cultivation » o . .23
Resistance to Physical and Chemical Agents,.. 26
IV. HmiAN TOXOPLASMOSIS
Historical , , . 51
Incidence and Distribution ..35
Clinical Toxoplasmosis ,..39
Pathology , 49
Asymptomatic Toxoplasmosis .54
Diagnosis , , . , 57
Epidemiology o <, , 66
Treatment and Prevention ..71
Prognosis ....... .oo , , 72
V. TOXOPL/-.SMOSIS IN ANHJALS
Spontaneous Infection , . . , . , , » ... .73
Experimental Transmission to Animals
a. Methods, Symptomatology, Pathology .77
b . Immunology , '...,o ..... 81
c
. Chemotherapy, , . . , .85
VI. FUNDINGS AND CONCLUSIONS., o,89
VII. ABSTRACT , 92

INTRODUCTION
Toxoplasma has become of particular interest lately
because of the increasing frequency of instances of human
infection. Although the first proven case of huraan toxo-
plasmosis was not reported until 1939, published reports
of cases now total over forty. The realization that this
usually fatal disease might be quite prevalent among the
population has stimulated the extensive investigation of
the subject. In spite of all the research during the last
nine years, the information on Toxoplasma is rather limit-
ed, and many aspects of the biology of the organism and
its infection remain a mystery for the present. The
purpose of this thesis is to assemble and correlate what-
ever data is available in the literature on this subject,
and thereby present the modern picture of Toxoplasma.
This picture will not be complete in as much as many de-
tails are yet lacking.
In this paper the author has attempted to discuss, to
some extent, all of the phases of the biology of this para-
site. However, more attention was focused on the infection
in man since this is of primary importance to us.

I. HISTCRICAL
It is generally believed that the presence of
Toxoplasma was observed first in Java sparrov/s, Padda
oryzivora
,
by Laveran (1900). A survey of the available
literature lends support to this view since there is no
mention of an earlier report. Several authors are named in
the literature as describing organisms similar to those
observed by Laveran shortly after 1900. Included in a
historical review by Herman (1937), are TTovy and MacNeal
(1904), Adie (1908), and Anschutz (1909). In the case of
all these early reports, the organisms discovered, which
were later identified from their descriptions as Toxoplasma,
were usually believed to represent a stage in the life
cycle of either Haemoproteus or Haemogregarina, Class
Sporozoa (Herman, 1937).
Although encountered several times since 1900, Toxoplastna
was not recognized as an independent genus until 1908. The
credit for this differentiation is generally given to
Nicolle and Manceaux (1908), who discovered the parasite in
the small North African rodent, Ctenoda ct^'-lus gondii . The
finding of the organism by these investigators in the gondi
represents the first report of Toxoplasma in a mammal.
Independently, in the same year, Splendore (1908) observed
the parasite in a rabbit in Brazil, and referred to the
5
organism as "un nuovo protozoa parasita de* conigli". In
the papers by Nicolle and Manceaux (1908) and Splendore
(1908), recognizable descriptions of Toxoplasma are given,
and its differentiation from other parasites is discussed,
A year later, Nicolle and Manceaux (1909) proposed the ge-
neric name, Toxoplasma, for the organism, from the Greek
words, "toxon" (bow) and "plasma" (form). Thus, as Weinman
(1944) points out, the genus name was intended to designate
the characteristic arc-shaped or bowed appearance of the
parasite, and not, as sometimes stated, to refer to its
toxic properties. Since the organism had been found in the
gondi, Ctenodactylus gondii
, the species name, gondii, was
chosen. Therefore, the scientific name of the parasite
stands as Toxoplasma gondii Nicolle and Manceaux, 1909.
Since the discovery of the organism in the gondi and
rabbit, Toxoplasma has been reported in a variety of fish,
reptiles, birds, and mammals from all over the world. Most
authorities now agree that the toxoplasmata observed in
these animals are identical with T, gondii described by
Nicolle and Manceaux » Thus, the general opinion is that
there is but one valid species of Toxoplasma, T, gondii
Nicolle and Manceaux, 1909, which is capable of infecting
a wide range of animals.
In spite of the frequency of reports of spontaneous
toxoplasmic infection in animals since 1909, the biology of
5 !
this parasite rerriained relatively unexplored for approxi-
mately thirty years after its discovery. As is the case
with many parasites, not until it was demonstrated that
toxoplasmic infection definitely occurs in humans, was
interest in Toxoplasma aroused. The credit for precipitat-
ing interest in this subject must be given to Wolf, Cowen,
and Paige {1939a) who were the first to prove the occurrerce
of human toxoplasmosis.
Prior to 1939, reports of toxoplasmic infection in man
were limited in number and unacceptable since the identi-
fication of the parasite in these cases was based solely on
morphology. At the present time acceptable cases of the
human disease total over forty and are widespread in geo-
graphical distribution. As a consecj_uence of the rapid
increase and widespread distribution of cases of huraan toxo-
plasmosis, this parasite and its infection have recently
become the object of extensive research. The main contribu-
tors to our knowledge of the subject have been, as Pratt-
Thomas and Cannon (1946) suggest, the groups associated ^"dth
Y/olf of New York and Sabin of Cincinnati, the former work-
ing primarily in the field of clinical medicine, the latter
investigating laboratory methods of diagnosis and treatment.
At present, our knowledge of the biology of Toxoplasma and
toxoplasmic infection is still far from complete, many
phases of the subject being entirely in the realm of
•
speculation. There is no doubt that an enormous amount
research will be necessary before all the questions con
cerning this organism can be answered and treatment and
prevention of the disease are possible.

II, CLASSIFICATION
Taxonomy
The tendency of biologists to regard Toxoplasma as a
member of the Protozoa and further to classify it as a
sporozoon was exhibited from the beginning. Prior to its
recognition as an independent genus, early investigators
believed the organism to represent a stage in the life cycle
of either Haemoproteus or Haemogregarina, both genera of
the Sporozoa (Herman, 1937), As a result of the work of
Nicolle and Manceaux in 1908 and 1909, the organism became
recognized as an independent genus, and was given the ge-
neric name of Toxoplasma. Nevertheless, this "protozoaire
nouveau du gondi", so called by Nicolle and Manceaux (1908),
v/as still considered to be a protozoan by practically all
early authorities. Most authors, in addition, states
Weinman (1944), accepting the early reports of schizogony
in its life cycle, placed Toxoplasma in one or another of
the divisions of the Sporozoa. For instance, it is
mentioned by Herman (1937) that Prov/azek (1910) and Yakimoff
and Kohl-Yakimoff (191E) regarded Toxoplasma as a member of
the Haemogregarina. Herman (1937), on the basis of its
morphological similarity to various stages of Hepatozoon.
muris of the rat, also favored the placing of the organism
in the Haemogregarina. Several authors, including Yetwin
ra
(1944) and Chandler (1944), have chosen to classify the
parasite with the Haeraosporidia of the Sporozoa. In such
instances the resemhlance of Toxoplasma to the piroplasms
is emphasized (Herman, 1937), In none of these cases is
the classification of this organism with the Sporo2oa justi
fiable since there is no evidence that Toxoplasma either
possesses a life cycle involving an alternation of genera-
tions or has the ability to produce spores. Most authori-
ties consider these properties to be fundamental charac-
teristics of members of the Sporozoa. Therefore, in their
absence or without evidence of them, there are not suffi-
cient grounds to place Toxoplasma in the Sporozoa.
The classification of this organism with the Protozoa
has also been questioned. For example, Y/enyon (1939)
suggests the relation of Toxoplasma to "Histoplasma
capsulatum or similar yeast-like parasites**. Other biolo-
gists regard Toxoplasma as being closely allied to the
yeasts or the bacteria. Wolf and Cowen (1937), after ob-
serving "Encephalitozoon hominis", later identified by
them as Toxoplasma, in an infant, defended the classifi-
cation of this organism with the Protozoa rather than the
Protophyta* The presence of the parasite within a well
preserved nerve cell of the infected infant seemed to them
to be indicative of the organism* s power of motility, since
neural elements are not known to possess phagocytic
(
properties. This power of motility, they argued, points
to the protozoan nature of the organism, in as much as mo-
tility is often employed by protozoologists as a criterion
distinguishing the animal from the vegetable unicellular
organismo Even though more positive proof of motility was
obtained recently, nevertheless, the power of independent
motility alone does not warrant the classification of the
organism with the Protozoa. Several members of the plant
kingdom are knov/n to be capable of independent motion.
Thus, the exact nature of Toxoplasma and its taxonomic
status are a matter of dispute today. Not enough is known
of its life history to place it v/ith certainty in either
the Protozoa, the Fungi, or in any other group. Weinman
(1944) best summarizes the matter by stating that Toxoplasma
may be considered a gems of the Protista, which is de-
fined by Chandler (1944) as a "broad no-man* s land of
single-celled organisms between the plant and animal
kingdoms", whose further classification will be satis-
factorily accomplished only with the acquisition of ad-
ditional knowledge. As early as 1916, Plimmer reasoned
that the uncertainty in the proper classification of
Toxoplasma must exist as long as the complete life history
of the organism is not known (Herman, 1937). The statement
of Plimmer, made over three decades ago, is still applicable
«
It is true that investigators have added much to our
e5 ^
knowledge of the organism, but the complete life history-
is still unknovm and, without this, a positive classifi-
cation is not possible.
Nomenclature
The generic name, Toxoplasma, was devised by Nicolle
and Manceaux in 1909 to designate the curved or bow-shaped
character of the organism. These authors derived the species
name, gondi i . for their particular strain of Toxoplasma
from the scientific name of the host, Gtenodactylus gondii .
Following their usage, the practice of many subsequent
authors has been to report a new species of Toxoplasma each
time a host in a new genus is found infected, and to name
the species according to the scientific name of the host.
Thus, the Toxoplasma found in guinea pigs has been named
!L* cavi^e * in rabbits, T. cuniculi ; in mice, T. musouli
;
in the rat, T. ratti ; in the dog, T. canis ; in man,
T, hominis (Craig and Faust, 1945). According to V/olf,
Cowen, and Paige (1939b), there is no morphological or
other means of differentiating between most of these so-
called species. Consequently, most observers consider
T. gondii to be the only valid species, capable of infect-
ing a wide range of hosts. This conclusion, states
V/einman (1944), is based on observations by investigators

that Toxoplasma isolated from different hosts (1) are mor-
phologically indistinguishahle, (2) can be successfully-
inoculated into a variety of distantly related animals, and
(3) cross-immunize against each other.
Recently, in a study hy Manwell, Coulston, Binckley,
and Jones (1945), attention was called to certain differ-
ences between avian Toxoplasma and mammalian Toxoplasma.
Such differences, they claim, include the characteristic
infection each strain produces as well as certain funda-
mental characteristics of the two strains. Because of
these differences, the authors express doubt that birds are
naturally infected with any strain of Toxoplasma infective
for mammals, and conclude that the Toxoplasma in birds
and that in mammals represent two entirely different strains.
This same distinction v;as made by Herman (1937), who pro-
posed that all mammalian Toxoplasma be considered as a
single species, T, gondii , and all avian forms as another
species, T» paddae . Nevertheless, the latter author pointed
out that further work may reduce the avian species to syno-
nymity v;ith T, gondii . In spite of the reported differ-
ences between avian and mammalian Toxoplasma, the results
of experiments by several later investigators seem to most
authorities to confirm this synonymity. In one such experi-
ment performed by Nobre'ga and Reis (1942), the pigeon
Toxoplasma was found to have the same host range as the
r
mammalian one, and immune sera prepared in monkeys against
mammalian Toxoplasma displayed a marked neutralizing action
against pigeon Toxoplasma,

III. BIOLOCxY
Morphology and Cytology
As generally observed, the appearance of single toxo-
plasmata, as seen lengthwise in the fresh state, is well
recalled hy its name, the characteristic outline being that
of a bow. It appears as an elongate crescent body with
tapering, sometimes slightly rounded, extremities , Occasion-
ally authors have described ovoid, spherical, and pyriform
bodies* Measurements average about ^ in a straight line
from end to end with a width of about Zji. These dimensions
are very variable since the size of the specimen is de-
pendent in part upon the nature of the tissue in which it
develops o Pigment has not been found present, but, accord-
ing to Weinman (1944), the whole organism has a greenish
tinge. Other authors have not mentioned the latter. The
nucleus, fairly well differentiated from the cytoplasm, is
situated on the midline of the long axis, usually nearer
one end than the other. There is no flagellum.
The use of Giemsa*s stain after Regaud»s fluid and
the use of eosin-methylene blue or Wright's stain after
Zenker's fixative have proven to be the most satisfactory
methods of demonstrating the parasite in sections. Simi-
lar results are obtained with either method. In prepa-
rations stained by either (riemsa's or Wright's stain, the
c
dimensions of the organism are often slightly reduced due
to shrinkage, but the characteristic shape, as a rule, re-
mains unchanged. Occasionally more ovoid forms have been
observed in stained sections. According to V/olf and Gowen
(1937), the margin of the organism is often stained darker
than the rest of its cytoplasm, but, as Weinman (1944)
suggests, it is entirely possible that this represents an
optical effect rather than a true cell membrane. The cyto-
plasm has been described as staining pink to a pink with a
faint bluish tinge; the nucleus, a blue color. The latter,
which is the only intracytoplasmic structure of constant
occurrence, measures about 2/^ in diameter » Occupying all,
or nearly all, the width of the organism, this deeply baso-
philic, sharply outlined chromatin body is situated either
at about the same distance from the two extremities, or,
more commonly, nearer the blunter end. It is variable in
structure and outline; at times dense, compact, and oval or
spherical; or it may also appear loosely knit and irregular
in shape (lunate, band-like, or comma-shape d) , enclosing
lighter stained areas in the center than around the periph-
ery. Pinkerton and V/einman (1940) have described parasites
with nuclei containing in their interior several chromatic
granules; in some organisms, distinctly stippled nuclei
were seen. After the use of cytological fixatives, the
nuclear membrane and a central karyosome become visible.
c
Immediately surrounding the nucleus, a clear or lightly
stained area may be observedo Wolf and Covven (1937) have
referred to this area as a "cytoplasmic halo"»
Although the nucleus is the only constant internal
structure, in Giemsa- or Wright-stained sections, sometimes
one or more small, rounded, red-stained bodies may be seen*
These granule-like inclusions, if present, are usually
situated at the ends of the cytoplasm, generally at a
distance from the nucleus* Some authorities, according to
Weinman (1944), interpret them as paranuclear bodies. Ray
and Raghavachari (1944), who have described a spindle
running from the nucleus to two such granules located at
opposite ends of a parasite, contend that these granules
function as centrosomes. Neither a polar capsule, kineto-
plast, or filament are mentioned in the literature as
occurring in Toxoplasma*
In addition to these singly occurring organisms, which
may be either intracellular or free and extracellular,
sharply outlined clusters of the parasites are quite common.
These miasses or pseudocysts, states Weinman (1944), always
appear to be intracellular except when the host cell is
ruptured by manipulation. Since these intracellular "ag-
glomerations", so called by Pinkerton and V/einman (1940),
arise by repeated binary fission of the parasites, they
vary considerably in size and in the number of component

parts, ranging from 4x8/f for a group of two, to or
larger, when containing more than one hundred organisms.
The larger collections can be easily seen with the low
power. The size of the pseudocyst, as well as the shape,
also depend in part on the nature of the tissue in which it
develops. In most cases, however, it presents a rounded or
oval appearance and is often described as being surrounded
or limited by a thin, smooth, light refractile, anhistous
membrane. This "halo-like" structure, as described by
Pinkerton and V/einman (1940), seems to the latter author
(1944) to be derived from the cytoplasmic tissue of the
invaded cell. Within the enclosing membrane, the space is
occupied by numerous motionless organisms, in close appo-
sition, and, when containing large nximbers of organisms,
tightly packed together. In spite of this, most authors report
the outlines of the individual parasites to be usually
discernible.
In either Giemsa- or Wright-stained sections, the
cyst-like agglomerations are seen distinctly localized with-
in the cell cytoplasm. Generally the masses are juxta-
nuclear, but, at times, they lie in contact with the nuclear
membrane, which they may indent. No mention has been made
in the literature of such masses occurring within the
nucleus. The thin membrane enclosing each individual
pseudocyst is not differentially stained, which, as Weinman
on L ^: nil
(1944) suggests, would seem to indicate that the fomer
represents simply the denser appearing edge of the matrix
of the latter. The individual organisms in the pseudocyst
stain similarly to those lying free in the tissues, but
appear smaller, probably as a result of being packed to-
gether, and more ovoid. Internal septa have not been ob-
served in the pseudocysts, but in some, especially the
larger collections, Pinkerton and Weinman (1940) called
attention to several dark disks found interspersed among
the parasites* Measuring about 4/^ in diameter and staining
like chromatin, these structures resembled the nuclear
material of the host cell. Other observers have failed to
mention such bodies in their reports, and no theory has
been advanced as to their nature and function.
As stated previously, the individual toxoplasmata,
occurring both singly and in masses, tend to appear smaller
in sections than in the fresh state because of the marked
shrinkage* Also, a more circular or ovoid shape is assumed
by the parasite. Since the shrinkage takes place chiefly
at the expense of the cytoplasm, as V/einman (1944) observes,
in sections, the parasites appear as rounded bodies, consti-
tuted chiefly by nucleus and surrounded by a narrow rim of
cytoplasm.
In 1937, Wolf and Cowen, observing an organism, which
was later identified as Toxoplasma, in an intact nerve cell

of an infected infant, concluded that this organism was en-
j
dowed with the power of motility. This evidence, however,
is not conclusive. More recently, Weinman (1944) suggested
a method by which the power of independent motility in
Toxoplasma can be confirmed. By examining a sealed prepa-
ration maintained at 37^ C, a number of the organisms may be
observed as exhibiting, at one extremity, slow bending and
twisting motions. These motions, states V/einraan, usually
seem ineffectual but sometimes result in progression or
rotation. The more acutely pointed end of the parasite has
been described as the end in motion.
|
Independent motility, nevertheless, should not be the
basis for the classification of Toxoplasma with the Protozoa,
as was suggested by Wolf and Cowen (1937), Rather it would
j
be v;ell to consider this organism in the Protista and reserve
further classification until additional knowledge is
obtained.
Life Cycle and Method of Reproduction
In discussing the life history of practically all ani-
mal and human parasites, it is customary to consider the
exogenous cycle, or the portion of the life of the parasite
occurring outside of the primary host, as wen as the en-
dogenous phase. The latter cycle, or the part of the life

of the organism within the primary host, is generally the
better understood. As for the exogenous phase, there
|
exists much variation in the amount of information available
for various parasites; thus, for some parasites, such as
many of the trypanosomes and tapeworms, the complete life
history has been worked out while there is much doubt con-
cerning the exogenous cycle of others, including several of
the rickettsiae and many of the viruses. Regarding the
life cycle of Toxoplasma outside the body of its many hosts,
nothing definite is known. However, since Toxoplasma
neither survives on non-living media nor is at all resistant
to drying, the exogenous phase of this parasite, if one
exists, must be rather limited. It seems reasonable to
postulate that the life of Toxoplasma outside of its primary
host either is ver^r temporary or is passed in the body of
some intermediate host such as an insect. Or, it is en-
tirely possible that an exogenous phase is not even involved •
in the life history of this parasite.
As for the endogenous cycle of Toxoplasma, with the
exception of congenital transmission, it is not known hov/
the toxoplasmic infection is accLUired by the primary host.
Neither the portal of entry nor the mode of transmission of
acquired infections has been discovered. Several hypotheses
have been advanced, some of which are supported by experi-
mental investigation. One theory as to the manner in which
f
animals, as well as man, may become infected with Toxoplasma
involves the transmission by arthropods, notably ticks.
Although experimental support for this view has thus far
not been obtained, the theory is favored by the majority of
investigators. It has also been suggested that animals
acquire the infection by eating flesh in the form of scraps
containing the parasites, or when indulging in cannibalistic
habits. Evidence for this theory is derived from the
results of experiments by Sabin and Olitsky (1937) which
proved that carnivorous animals may become infected by in-
gestion. Even so, infection in this manner would probably
not be likely in the case of man, and would be impossible
in the case of herbivorous animals. The finding by Manwell,
Coulston, Binckle;^ and Jones (1945) that Toxoplasma organ-
isms remain viable only a short length of time in the tissues
of infected animals after death places a further limitation
on this method of transmission. Sabin and Olitsky (1937)
also proved that Toxoplasma can be transmitted to animals,
guinea pigs in their experiments, by intranasal inoculation.
Therefore, droplet infection, if spread rapidly enough, must
be considered as a possible means of transmission. Recently,
venereal acquisition of infection was proposed by VJeinman
(1944); this deserves special attention as a mode of trans-
mission in view of the fact that congenital transmission is
known to occur* At present, the congenital route is the

only means of transmission considered proved, and has been
found to occur "both in man and in animals.
Since Toxoplasma is generally considered to be a
sporozoon, one would naturally expect to find a life cycle
consisting of an alternating sexual and asexual phase. Up
to the present time, however, there is no evidence to indi-
cate that a sexual phase, either inside or outside of the
primary host, is involved in the life history of Toxoplasma.
Until definite evidence of such a phase in the life of this
parasite is obtained, the classification of Toxoplasma with
the Sporozoa is unjustifiable. It is possible that a
sexual phase will be discovered when more is known of the
exogenous cycle of Toxoplasma, or, perhaps, neither a
sexual nor an exogenous phase even exists.
As for the asexual phase, it is universally accepted
that reproduction in Toxoplasma takes place by longitudinal
binary fission, either intra- or extracellularly, in the
body of the primary host. The nucleus enlarges trans-
versely, then divides in two, and this is followed by di-
vision of the cytoplasm in a longitudinal plane. Weinman
(1944) describes dividing forms as biconvex or ellipsoidal,
and, when mature, about twice as wide as normally. Bi-
nucleated forms v/ere encountered in observations by Wolf,
Cowen, and Paige (1940) in which two small oval nuclei lay
side by side with the long axes parallel to that of the
ic
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parasite. In the middle of the long axis of the cytoplasm,
a faint line was often detectable, indicating that the
organism was in the process of binary division. Ray and
Raghavachari (1944) describe mitotic figures with the for-
mation of a spindle during division, and contend that the
granules seen in some specimens function as centrosomes. By
repeated binary division of the parasites the intracellular
pseudocysts arise; the significance of these structures in
the life cycle of Toxoplasma has not been established.
At one time, multiple division or schizogony was also
believed to occur. According to Craig and Faust (1945),
Nicolle and Manceaux (1908) were of such an opinion, having
described a "single parasite in a cell developing into a
large body within which from twenty to thirty nuclei occur,
followed by segmentation of the organism". Neither this
nor any other report of schizogony has been confirmed,
however. V^einman (1944) suggests that the confusion was
probably due to misinterpretation of the large intracellular
masses or to observation of schizogony in another parasite.
Multiplication by binary fission is, therefore, the only
kind that may be considered proved.
Host Range and Tissue Specificity
Shortly after the discovery of Toxoplasma, it became
f: 1 I-
f
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apparent that this organism is characterized hy an almost
complete lack of host specificity. Thus, by as early as
1915, the parasite had been reported in a variety of fish,
reptiles, birds, and mammals. Included in a list of hosts
compiled by V/olf, Cowen and Paige (1939b), are the follow-
ing animals; the lizard and snake, numerous birds, the
mouse, rat, guinea pig, rabbit, mole, squirrel, dog, wombat
monkey, chimpanzee, baboon, ape, and man. Several fish
have been found to harbor Toxoplasma, some of which are
mentioned in a review by Yakimoff (1930). In addition,
Olafson and Monlux (1942) have recently reported the cat
and sheep to be hosts of this parasite. It should be noted
however, that in the case of many of the above animals,
identification of the parasite was based solely on raorpholo
gy. This holds true for the cold-blooded animals in par-
ticular, with the result that most authorities believe that
only warm-blooded animals are spontaneously infected with
Toxoplasma. In as much as this parasite has such a wide
distribution among animals, it is not at all surprising
that it is equally widely distributed geographically, now
having been reported in animals from every continent.
The fact that host species found susceptible to
Toxoplasma include those frequently in contact v/ith man,
such as domesticated or semidomesticated animals and pets,
is of much potential importance to him. Although the mode
t i.- X
.
of transmission to man, except for the congenital route,
is still unknown, it is possible, and quite probable, that
certain mammals and birds constitute the source of acquired
human infection. If such is the case, the wide geographic
range of the parasite and its many animal hosts make it
likely that the distribution of cases of the disease in man
is universale
The lack of specificity on the part of Toxoplasma is
not only manifested with respect to its hosts but also to
its habitat in these hosts. The organism exhibits equally
broad affinities for the type of cell invaded; also its
wide distribution in various organs has constantly been ob-
served by investigators. According to V7einman (1944), the
cells found to be invaded by these parasites include the
nerve cells of the brain and spinal cord, cells of the
retina, myocardial cells, hepatic cells, reticulo-endo-
thelial and non-phagocytic vascular-endothelial cells, fat
and connective tissue cells. As stated previously, single
toxoplasmata occur both intra- and extracellularly while
pseudocysts or agglomerations of the parasites occur only
intracellularly except when the host cell is ruptured,
A comparable variety of tissues and organs has been
reported to harbor toxoplasmata. The latter occur with
particular frequency in the brain, spinal column, meninges,
choroid, and retina, resulting in symptoms of a neurologi-

cal nature. When, instead, the heart, liver and lungs are
invaded, and this is not uncoioiaon, the syndrome is of an
altogether different type. In addition, Weinman (1944)
reports the spleen, lymph nodes, thyroid, adrenals, hone
marrow, skin, striated muscles, and occasionally the ovaries
as having been found infectedo Localization in the kidney,
bladder and intestine of man has not been observed, but
intestinal localization in animals has been described
(Weinman, 1944) • It is interesting to note that, regardless
of the site of invasion, the pathological features are
similar*
Cultivation
The development of a practical method of cultivating
any parasite is of great importance since such a technique
would make possible the study of the living organism outside
the host. Thus, attempts were made by several investigators
to cultivate Toxoplasma on various media v/ith the hope that
some information concerning the life cycle would be revealed
and hence the real nature of the parasite better understood.
The ability of Toxoplasma to develop in a wide variety
of hosts and in several kinds of cells, body fluids and
tissues, ?/einman (1944) points out, might suggest ready
cultivation, but this has not been found to be the case.

Vifolf, C owen, and Paige (1940), using saline emulsions of in-
fected rabbit and mouse brains, attempted the cultivation of
the parasite in a variety of bacteriological media. These
included beef broth, beef heart broth, dextrose broth, beef
and beef heart agar, 1% dextrose agar, 6fo glycerol agar,
corn starch agar, Loeffler*s medium, Petroff *s egg medium,
Sabouraud*s medium, NoN.N. medium, and Noguchi*s serum medium.
In no instance was there evidence of the grov;th of the
parasite, even though both aerobic and anaerobic methods
were used, Sabouraud*s medium has also been employed by
Manwell, Coulston, Binckley, and Jones (1945) who made re-
peated attempts to grow the parasite, but without success.
According to these authors, the organisms survive for from
two to three days but without evidence of multiplication.
The failure of Toxoplasma to grow on Sabouraud*s medium,
they contend, is evidence against any close relationship of
the parasite to the fungi, as V/enyon (1939) has suggested,
since the latter are known to grow and multiply on this
medium. Buchanan and Lara-Gonzales (1945) have also tried to
culture Toxoplasma, in this case by controlling the pH of
suspensions of infected tissues with various chemical
agents, but, here too, unsuccessful results were obtained.
Artificial media have been experimented with by several
other investigators but, up to the present time. Toxoplasma
has not been reported as growing on a non-living medium.

Attempts to propagate the parasite in the presence of
living cells have met v/ith more success. Levaditi (1929)
and Wolfson (1941) were able to grow the organism in embryo-
nated chicken and duck eggs. More recently, Buchanan and
Lara-Gonzales (1945) reported the successful cultivation
of Toxoplasma on the allantoic membrane of fertile hens*
eggs. According to Sabin and Olitsky (1937), surviving
tissue kept in Tyrode*s fluid also permits growth. Today,
the ability of Toxoplasma to survive in embryonated chicken
eggs is sometimes employed as a means of diagnosis, in
preference to animal inoculations. Weinman (1944) reports
no advantage in the inoculation of eggs over the intra-
cerebral injection of mice for diagnostic purposes and,
instead, suggests a definite advantage of the latter method
over the former. This is derived from the fact that young
mice infected by intracerebral injection of the parasite
are more sensitive to small doses than chicken embryos.
Nevertheless, there does appear to be one certain advantage
to the inoculation of chick embryos for diagnosis, namely
that the latter organisms are not known to have spontaneous
toxoplasmic infection whereas a percentage of mice do*
The method of infecting chick embryos with Toxoplasma
for cultivation is thoroughly described by Manwell, Coulston,
Binckley, and Jones (1945). The infective material is pre-
pared in the form of an inoculum consisting of an emulsion
«
of brain, liver, or peritoneal fluid from infected mice.
Through a small hole made in the air cell, the syringe
needle is introduced and the inoculum deposited either on
the surface of the yolk membrane or into the embryo itself.
Then the hole is sealed with paraffin. Successful culti-
vation will be obtained only if dehydration and bacterial
contamination are prevented.
Resistance to Physical and Chemical Agents
Since Toxoplasma is highly pathogenic for laboratory
animals, in addition to being not easily cultivated, other
means of rendering the organism easily and immediately
available for laboratory study have long been sought. One
such method, the preservation of the parasite by low-
temperature freezing, was tried for several years, but only
recently, due to the work of Manwell and Edgett (1943),
were successful results obtained. Realizing that the
successful preservation of microorganisms by low-temperature
freezing was dependent on the speed of the freezing and
thawing, these investigators reasoned that the ability of
the container to transmit the temperature changes was of
the utmost importance in the process. And so, by utilizing
tubes of very thin Pyrex glass which readily transmit
temperature changes, successful preservation of Toxoplasma
r
by low-temperature freezing was accomplished. This fact
was indicated by the evidence of viability after the thaw-
ing process since the parasites were able to produce a
typical infection in white mice.
Successful preservation of Toxoplasma by this method
was also reported by Manwell, Coulston, Binckley, and Jones
(1945) who kept the parasites frozen in a mixture of dry
ice and ethyl alcohol. Upon examination the parasites
looked entirely normal under the microscope, and produced
typical infections in mice. In several unsuccessful at-
tempts, it is worth mentioning, the parasites looked quite
normal after thawing but were found to be incapable of
producing infection.
The resistance of Toxoplasma to drying and to various
chemical agents, as compared to its resistance to low-
temperature freezing, has been found to be at the opposite
extreme. In experiments by Manwell, Coulston, Binckley,
and Jones (1945) to determine the effect of various physi-
cal and chemical agents against Toxoplasma, heavily infected
tissue was finely ground up and then treated in different
ways. To determine the effect of drying, one portion of
the finely ground tissue was placed in a dessicator and
allowed to dry over Pj.O^ at room temperature for varying
periods of time. Other portions v^ere nixed separately
with two common disinfectants, 70^ alcohol and 5^ phenol,
rC
with the time of exposure ranging from one to ten minutes.
Viability of the parasites in the several portions was
tested by injection into healthy mice and subsequent exami-
nation of the mice for evidence of infection. The results
obtained indicate that Toxoplasma is very easily killed in
as much as the organism did not survive even the minimum
exposure to drying or the minimum amount of treatment with
phenol and alcohol. On the basis of these results, the
authors concluded that, first of all, Toxoplasma can be
transmitted only by direct and rather intimate contact and,
secondly, no spores or cysts of the parasite exist, in
tissues at least, since such forms would be expected to
exhibit a higher resistance than was observed.
In search of an antitoxoplasmic chemotherapeutic agent,
Sabin and Y/arren (1941) tested the effect of certain
compounds, of knov;n effectiveness against many Protozoa,
against Toxoplasma in vitro and in vivoo (^uite a number of
the compounds tested were found to destroy the parasite in
vitro . Of the acridine derivatives, atabrin, trypaflavin,
and rivanol lactate were observed to be toxoplasmacidal,
with atabrin being by far the most effective member of the
group as well as of all the compounds tested. In a concen-
tration of 1:50,000 atabrin kills Toxoplasma in three hours
or less. Among the antimony compounds, potassium antimony
tartrate was very effective while stibosan had no effect
<<
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at all. Of the arsenic compounds, mapharsen acts more
rapidly than either neosalvarsan or tryparsamide . In the
quinine group, optochin was found to be more effective than
quinine hydrochloride. Lastly, sulfanilamide, sodium sulfa-
thiazole, and sodium sulfapyridine are completely without
effect i_n vitro . In all cases, the drug v/as tested by mix-
ing Toxoplasma-containing peritoneal exudate of mice with
various concentrations of the drug under investigation and,
after incubation at 37®C in a water bath for varying time
intervals, by injecting portions into mice to test for the
survival of the organisms
»
Although several of the compounds tested were found
to be very potent toxoplasmacidal drugs under the conditions
in vitro, no toxoplasmacidal effect was observed _in vivo.
That is, v/hen these potent toxoplasmacidal drugs were ad-
ministered parenterally to mice and rabbits which had previ-
ously recieved an injection of Toxoplasma, in no instance
was a therapeutic effect observed. In contrast, when sulfa-
thiazole and, especially, sulfapyridine, although entirely
without effect on Toxoplasma in vitro, were tested in vivo
,
they were found to exhibit a complete inhibitory and, under
certain conditions, curative action on toxoplasmic infection
in mice. More recently, Weinman and Berne (1944), by
maintaining suitable blood levels of drug, found both
sulfathiazole and sulfapyridine to be remarkably successful

in curing acute toxoplasmosis in mice. In no case, however,
was the animal sterilized; that is, the parasites persisted,
usually in the brain of the mouse, in the form of pseudo-
cysts v/hich proved virulent on transfer.
Other chemotherapeutic agents employed in experimental
toxoplasmosis, in each case in mice, include penicillin
sodium by Augustine, V/einman, and McAllister (1944) and
derivatives of 4-nitro-4* -amino-diphenylsulfone by Biocca
(1943). The former drug was found to have no noticeable
effect. As for the latter compounds, Biocca reports the
phenyl diaraine and salicylic acid derivatives to be decidedly
superior to both sulfapyridine and sulfathiazole in the
treatment of toxoplasmic disease in mice. According to
this investigator, derivatives of 4-nitro-4*-amino-diphenj'"l-
sulfone show a chemotherapeutic activity inversely pro-
portional to the length of the carbon chain linked to the
amino group.

IV. HUJilAN TOXOPL/iSMOSIS
Historical
The first suggestion that organisms of the genus
Toxoplasma might be concerned in human disease was made in
a case report by Castellani (1915). The patient had been
a fourteen year old Singhalese boy who died of a disease
characterized by severe anemia, splenomegaly, and prolonged
fever. Observing "peculiar bodies" in blood smears made
during life and in Impression smears of the spleen made
after death, Castellani was inclined to consider the
structures to be Toxoplasma. The scientific name, Toxoplasma
pyrogenes , v/as proposed by him for these bodies. Plate
(1914) stated that he believes the bodies described by
Castellani to be of protozoal origin but doubts that any
further classification is possible on the basis of the
observations, \7enyon (1923), however, refusing to accept
the structures as protozoa, stated, "It is the writer*s
opinion that the organism called T. pyrogenes is neither a
Toxoplasma nor a protozoan, and that the name is a nomen
nudum, as it is given to certain unidentifiable vegetable
cells",
Fedorovitch (1916), in a study of blood smears of a
ten year old boy from the Black Sea district suffering also
from anemia, splenomegaly, and prolonged fever, reported
k'/k'Y ii.'.
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bodies which he considered to he analagous to those de-
scribed by Castellani and very similar to Toxoplasma, Simi-
larly, Chalmers and Kamar (1920) observed forms "comparable"
to To pyroxenes in films of the spleen of a soldier in
Sudan suffering from the same symptoms as reported by
Castellani and Fedorovitch. Concerning the former report
Wenyon (1923) wrote, "The colored figures given by Fedoro-
vitch leave no doubt that the bodies were vegetable organ-
isms like large cocci and yeast" ; as for the observations
of Chalmers and Kamar, Wenyon (1923) was inclined to regard
the organisms as "altered Leishmania",
Since only scanty descriptions of the parasites were
given in these early papers and since identification in all
cases was based solely on morphology, the reports of
Castellani, Fedorovitch, and Chalmers and Kamar cannot be
accepted as examples of human toxoplasmosis. In view of
the information available, it appears that the exact nature
of the bodies observed by these early investigators must
remain in doubt. It should be mentioned, though, that the
clinical pictures described by these authors do not wholly
conform to the syndrome characteristic of adult toxoplas-
mosis. V/hile an elevation in temperature and anemia are
typical of the disease in adults, splenomegaly is atypical
of toxoplasmosis.
The first convincing account of human toxoplasmosis.
<c
now credited by most authorities as representing the first
reported case of the disease, is that of Janku (1923),
This investigator described parasitic cysts in the retinal
lesions of the right eye of a child who had left micro-
phthalmus and an increasing hydrocephalus from birth. Al-
though it was not recognized as such at the time, according
to Weinman (1944), the morphology and location of the para-
sites, the gross and microscopic pathology, and the symptoms
A
are unmistakably characteristic of Toxoplasma. Janku re-
ferred to the parasites merely as Sporozoa but subsequent
authors recognize the organisms as Toxoplasma, In 1927,
Torres, in Brazil, found parasites in various tissues of an
infant v;ho died with convulsions at the age of two days and,
after weighing Toxoplasma against Encephalitozoon, decided
in favor of the latter. Later authorities are inclined to
regard this parasite also as Toxoplasma.
VJolf and Cowen (1937) published a thorough description
of the clinical and pathological observations in a case of
congenital encephalomyelitis in an infant but, because the
parasites in sections appeared smaller in size than that
recorded for Toxoplasma in fresh preparations, chose to call
them Encephalitozoon hominis . In this paper, the reports of
similar infections in infants by Janku (1923) and Torres
(1927) v/ere cited as instances of the same disease. After
studying a strain of Toxoplasma in guinea pigs in histologi-
c
cal sections, V/olf and Cowen (1938) realized the similarity
to the parasites in their human case and reported finding
similar parasites and lesions upon reinvestigating a case
of "neningo-encephalomyelitis neonatorum" of unknown eti-
ology described by Richter (1936). On the basis of morpho-
logical similarities again, these authors decided, this
time, in favor of Toxoplasma rather than Encephalitozoono
It "was not until 1939 that the first definite evidence
that Toxoplasma infects human beings v;as supplied. At this
time, V/olf, Cov/en, and Paige (1939a) proved the occurrence
of the parasite in a fatal case of infantile encephalomye-
litis by demonstrating parasites of typical morphology in
the human tissues, successfully transmitting the parasite
to animals, and demonstrating immunity against the human
strain in rabbits and mice immune to a known strain of
Toxoplasma. Since 1939, cases of infantile toxoplasmosis,
a disease entity manifested primarily by an attack on the
central nervous system with resultant symptoms and deformi-
ties, have been reported with increasing frequency. VJolf
,
Cowen, and Paige have contributed a substantial percentage
of the cases of infantile toxoplasmosis now on records
In 1941, Sabin furnished definite evidence of the
occurrence of toxoplasmic disease, for the first time, in
children. Verification of the nature of the organism was
accomplished by the finding of parasites of typical

morphology, demonstration of Toxoplasma neutralizing anti-
bodies in the patient's blood, and inoculation of infected
tissue into mice with a resultant typical infection.
Reports of such cases are still rather uncommon. The dis-
ease in children is characterized, as in infants, by pre-
dominant neurological manifestations, generally in the form
of an acute encephalitis. The clinical and pathological
features are, however, of a milder nature than those in
infantile patients.
The adult form of human toxoplasmosis was first posi-
tively described by Pinkerton and Weinman (1940). The
symptomatology of this disease has little in common with
that of the disease in infants and children. Unlike the
disease in the latter, the adult type is non-neurological,
being characterized by a spotted fever-like syndrome associ
ated with diffuse pneumonitis. As might be expected, the
pathological features of the adult disease and those of the
infantile and childhood type are also rather dissimilar.
At present, reports of adult toxoplasmosis are limited in
number.
Incidence and Distribution
In discussing the incidence of huiaan toxoplasmosis, it
is necessary to consider toxoplasmosis both as a disease
and as an infection. This distinction between "infection"
c4
and "disease" is important in the case of all those con-
ditions in which inapparent or asymptomatic infection
occurs. It has been demonstrated recently that toxoplasmic
infection, in both man and animals, is not always manifested
by disease but may be asymptomatic. Therefore, in the case
of toxoplasmosis, disease incidence should not be taken to
represent the true incidence of infection.
Since 1939, when the first proven case of toxoplasmosis
in man was reported, approximately forty acceptable human
cases of the disease, most of which were in infants, have
been recorded. As V/inkelman and Moore (1945) suggest, this
disease has recently created interest because of the
increasing awareness that this condition is probably more
prevalent in man than the relatively small number of cases
in the literature would indicate. There can be little
doubt that, as is common v/ith all newly described diseases,
many cases of infantile toxoplasmosis are unrecognized.
Steiner and Kaump (1944) attribute the relative scarcity
of reports of the disease in infants to the fact that only
a small percentage of infant brains are routinely examined
by competent pathologists. According to these authors, it
is entirely possible for prenatal toxoplasmic encephalitis
to be the cause of many a stillbirth and the death of many
a one or two day old infant. The majority of such fatali-
ties, because of the resemblance of the symptoms to other
5
more common Infantile diseases, are seldom considered to
be case of toxoplasmosis. The examination of the brains
of such patients would assist in arriving at a more accurate
figure for the incidence of infantile toxoplasmosis. Simi-
larly, several cases of this disease in children and adults
undoubtedly escape detection because of the close resem-
blance of the symptoms to those of other diseases.
If an accurate measure of the incidence of human toxo-
plasmic infection were desired, it would be necessary to
add to the disease incidence the incidence of asymptomatic
infection or the number of persons carrying the infection
but having no obvious sjrmptoms. These cases of inapparent
infection are represented by infected persons, either
children or adults, who have acquired immunity to the organ-
ism and who, therefore, do not exhibit clinical signs of
disease. Such immunity is not known to develop in infants
because of the high susceptibility of the fetal nervous
system to the ravages of this parasite. Although clinical
manifestations are absent in these infected persons,
neutralizing antibodies are demonstrable in the peripheral
blood of the majority of the cases by means of a protection
or neutralizing test devised by Sabin and Olitsky (1937).
Callahan (1945), utilizing this test on the blood serum of
one hundred apparently normal individuals in the St. Louis
area, found 2^ of the individuals tested to be positive, or,

to contain Toxoplasma neutralizing antibodies in their blood.
This figure cannot be regarded as significant because of
the small sampling as well as certain other factors, but it
does indicate the probable existence of a large number of
human Toxoplasma carriers who harbor the parasite but
exhibit no symptoms of disease. Therefore, the disease
incidence, even if a relatively accurate measure, should
not be used as an index of the incidence of infection.
It was stated previously that the distribution of
Toxoplasma in animals is world-wide, now having been re-
ported in animals from every continent. Since several of
these animals are believed to serve as the reservoir from
which man becomes infected, it is probable that human toxo-
plasmosis is as widely distributed. According to a review
by Weinman (1944), human cases have already been reported
from North /imerica (New York, Boston, Chicago, St, Louis)
;
South America (Brazil, Peru); and Europe (Czechoslovakia,
Holland)
. Recently, additional cases were reported from
Cincinnati, Detroit, Charleston, Minnesota, and the Canal
Zone. Sabin (1944) suggests that the wide distribution
of scattered cases of human toxoplasmosis is indicative of
a greater frequency of the disease than is now recognized.

Clinical Toxoplasmosis
It was mentioned earlier that Toxoplasma exhibits a
rather broad affinity for the type of cell and tissue it
invades o Because of this, the clinical picture of human
toxoplasmosis is exceedingly complex and variable. As
Weinman (1944) proposes, it may be conveniently outlined
by a division into two main types of disease, based upon
symptomatology and the causative anatomical lesions. In
addition to the two types of toxoplasmic disease in humans,
infection not manifested by disease, or asymptomatic human
toxoplasmosis, has been reported. Evidence for the ex-
istence of the latter condition and its importance will be
discussed later in detail.
Since it has not been possible to discover the exact,
or even the approximate, time the individual becomes in-
fected, the incubation period of human toxoplasmosis is not
yet knovm. However, according to Weinman (1944), symptoms
have been observed one to four weeks after infection in
animal experiments which are believed to approximate the
conditions of natural exposure. The incubation period,
states this author, is subject to great variation, depend-
ing on the dose inoculated, the virulence of the strain,
and its adaptation to the host employed. It is probably
never less than three or four days although the upper limit
J > ; 1
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may be very great, some infections remaining latent indefi-
nitely.
The first type of human toxoplasmosis is characterized
by predominant neurological manifestations, chiefly in the
form of an acute meningo-encephalitis . Although this dis-
ease has also been observed in young children and, in one
instance, in an adult, the majority of the cases have been
found in infants, who are believed to acquire the infection
congenitally. Support for the hypothesis of the congenital
transmission of toxoplasmosis will be presented later. In
the case of infants, the symptoms resulting from lesions
of the central nervous system are generally associated with
cranial deformities and ocular defects. These latter
symptoms have not been observed in children but only a few
cases of toxoplasmosis in children have been describedo
According to Weinman (1944), the initial symptoms of
the disease in infants are usually detected within the
first days or weeks after birth, although a few investi-
gators have reported abnormalities at birth, or even in
utero. For instance, Paige, Cowen, and Wolf (1942) observed
one patient with an enlarged head and right-sided facial
paralysis at birth while another, a stillborn infant, gave
evidence of internal hydrocephalus in utero, Weinman (1944),
in addition, reports a case in v;hich hydrocephalus in utero
necessitated cranioclasia for delivery. Some investigators

have not observed symptoms in their patients until the
first year of life. In most instances, though, the onset
of symptoms is shortly after birth, necessitating hospital-
ization of the patient. Early in the disease, most authori-
ties report, the temperature tends to be normal; in the
later stages, the tendency is toward an unstable tempera-
ture, with frequent drops to subnormal
•
Neurologic symptoms, generally quite varied, and
suggestive of a meningo-encephalitis are, as a rule, observed
very early. Of these the most conspicuous are convulsive
seizures which are generalized in most instances and which
tend to increase in number and duration as the disease
progresses. In a few cases, instead of generalized con-
vulsions, the seizures were localized to limited muscle
groups resulting in tremors or twitchings of the extremities,
with or v^rithout clonic spasms. Retraction of the head,
opisthotonos, and generalized contractures are sometimes
associated with the convulsions. Other neurologic signs
and symptoms occasionally observed in infants include
nystagmus or nystagmoid movements of the eyes, hyperactivity
of the tendinous reflexes, vomiting, and a bilateral
Babinski sign.
A second symptom of the neurological form of human
toxoplasmosis, found only in infants, which attracts attention
rapidly is internal hydrocephalus, with or without
I!
enlargement of the head. Although occasionally this abnor-
mality is not detected until several weeks or months of
life, it is usually evident at birth and is said by V/einman
(1944) to constitute the "first symptom". He states that
it develops rapidly, producing as much as a 5 cm. circum-
ferential increase in seventeen days and manifesting the
usual signs, large fontanelles, wide sinuses, and tense
superficial veins. Less frequently, reports this author,
the hydrocephalus is not accompanied by enlargement of the
head, in which case detection would necessitate laboratory
examinations.
Ocular defects are also quite common in infants, but
usually absent in children, and, although somewhat less
frequent than neurologic symptoms and hydrocephalus, are of
diagnostic importance. Paige, Cowen, and V/olf (1942) and
Weinman (1944) report microphthalmos, in most instances
unilateral, to occur frequently, sometimes associated with
enophthalmos . Cases of disseminated and circumscribed
exudative chorioretinitis, manifested by the abolition of
reactions to light, are also relatively common. Koch,
Wolf, Cowen, and Paige (1943) believe the toxoplasmic chorio-
retinitis to be an important diagnostic feature of infantile
toxoplasmosis. Y/einman (1944) describes the chorioretinal
lesions as follows:
"Viewed with the ophthalmoscope, chorio-
retinal lesions usually occur in the

vicinity of the rnacula as rounded, slightly
elevated or concave areas, whitish or brown
in color, and sharply set off from the
neighboring tissue, sometimes by a black
pigmented border. Their size varies from
less than one to five disk diameters. These
lesions are frequently bilateral but usually
only one occurs in each eye and are due to
necrosis and to the production of granuloma-
tous tissue o"
Intracerebral calcification is the final member of the
syndrome of toxoplasmosis in infants. It results from the
deposition of calcium salts in lesions in the cerebrum,
particularly in the basal ganglia or thalami (Yireinman,1944)
.
Roentgen ray examinations, by revealing multiple and widely
distributed opaque areas, enable the confirmation of the
existence of intracerebral calcification. Dyke, Wolf, Cowen,
Paige, and Caffey (1942) have reviewed the roentgenographic
findings in ten cases of infantile toxoplasmosis and suggest
the use of roentgen ray examination in the diagnosis of this
disease o Sabin, however, questioning the existence of any
roentgenological characteristic which can differentiate
between the cerebral calcification of toxoplasmosis and
other types of intracranial calcification, challenges the
value of this procedure in diagnosis (Dyke, V/olf, Cowen,
Paige, and Caffey, 1942).
In addition to this tetrad of clinical signs, certain
abnormalities or deviations from normal occur in most cases
in the cerebrospinal fluid, ventricular fluid, and blood,
and may be detected by laboratory examination. The

cerebrospinal fluid is usually xanthochromic, with a high
protein content, and has been observed to clot spontaneous-
ly. Also, the cellular content is increased because of the
presence of red and white cells. Although Weinman (1944)
reports that increased cellular and protein content occur
in the same patient, Sabin (1942) observed patients having
a high cell count only« Similar sjinptoms of xanthochromia
and increased protein content have been noted in the ven-
tricular fluid by Paige, Cowen, and Wolf (1942). Blood
changes, states V/einman (1944), are less characteristic,
the most conmion deviation being a mild leukopenia. Oc-
casionally a slight degree of anemia has been found.
From a review of case histories, Sabin (1944) concludes
that infantile toxoplasmosis is usually fatal v/ithin a few
weeks after birth. Patients have survived into the juve-
nile period, although with severe mental deficiency or
idiocy and epileptiform convulsions. It is not improbable
that some patients even reach adulthood. Examination of
the brain of a surviving individual should show widespread
calcification and internal hydrocephalus.
Evidence of the occurrence of toxoplasmic infection in
children was first supplied by Sabin (1941).. In this
report, the author describes two cases of toxoplasmosis, in
boys six and eight years of age, in which the symptomatology
was that of an acute encephalitis with a febrile course.

The neurological manifestations were similar to those in
the infantile disease, although somewhat milder, but the
characteristic hydrocephalus, intracerebral calcification, '
and ocular involvement in infants were not observed here.
One child died thirty days after the onset of illness while i
the other recovered completely on the tenth day of illness,
A comparable syndrome has been described in a few other
instances of the disease but the clinical picture of toxo-
plasmosis in children should not be formulated on the basis
of these limited cases. Several investigators believe the
disease in children to be essentially identical with the
infantile form, contending that differences between the two
are of degree only. They claim that the central nervous
system and eye tissues of the child are much less suscepti-
|
ble to damage than those of the fetus or infant with the i
result that the symptoms exhibited in infants are either i
milder or non-existent in children. A comparison of the
pathological picture in infants and children lends support
to this view. In contrast with the infantile infection,
most authorities believe toxoplasmosis to be acquired in the
case of children. A fev/ investigators, on the other hand,
argue that the infection may be congenital in children as
well as in infants but that it sometimes remains asympto-
matic until childhood.
The second type of human toxoplasmosis is characterized

by a symptomatology which has little in common with the
clinical syndrome observed in the typical infantile dis-
ease. In this form, although anatomical lesions can be
demonstrated in the brain of the patient postmortem, meningo-
encephalitis or other neurological symptoms are either
absent or inconspicuous. This is probably due to the less
susceptible nature of the adult central nervous system as
compared to the fetal nervous system which appears to be
highly susceptible to the parasite. This hypothesis is
based on the fact that almost all of the cases of the neuro-
logical type of disease have been reported in infants while
the non-neurological form is most prevalent in adults. Up
to the present time, only one infantile case of the latter
disease has been observed and, conversely, neurological
symptoms have been encountered in but one adult. The mani-
festations of the second or non-neurological type, states
Weinman (1944), are rather variable due to the parasite's
affinity for many different tissues and are believed to be
dependent on the localization of the parasites. Only a
few cases of the disease have been observed, however, so
that support for the latter statement is not yet at hand.
In contrast with the preceding type, prodromal symptoms
have been observed in most of the cases of the non-neuro-
logical disease. These symptoms, consisting of malaise and
weakness, Pinkerton and Henderson (1941) report, are present

several days before the onset of acute illness. The onset
of illness is sudden, with chills and fever, and a variable
but sustained elevation in temperature has been noted
throughout the course of the disease (V/einman, 1944) . The
most diagnostic feature of the clinical picture consists of
a widely distributed maculopapular eruption which involves
the entire body except for the palms, soles, and scalp.
The characteristic distribution of the rash may prove valu-
able in the differentiation of toxoplasmosis from Rocky
Mountain spotted fever and typhus, both of which otherwise
have remarkably similar symptoms to the former disease.
V/einman (1944) describes the papules on the skin as varying
in color from bright red to pale pink and as ranging in
size from 2 to 6 ram. with a tendency to coalesce in certain
areas.
Together v/ith the maculopapular eruption, symptoms of
pulmonary involvement essentially complete the characteristic
syndrome of human toxoplasmosis in adults. Other symptoms
such as enlargement of the heart and myocarditis have been
noted occasionally and are probably referable to lesions of
the particular organ involved. Nevertheless, such symptoms
occur rather infrequently and cannot be considered as diag-
nostic of the disease. Sante (1942) has reviewed the
roentgenographic picture of toxoplasmic pneumonitis and
suggests the resemblance of the latter in the early stages

to acute pulmonary congestion; later, the picture is indis-
tinguishable from "atypical pneumonia" from any other cause,
pulmonary involvement has been found to be so severe in most
of the cases that death is usually regarded as being due
primarily to interference with respiratory function,
Pinkerton and Henderson (1941) consider one of the most
striking features of the clinical picture to be its re-
semblance to that of typhus and spotted fever. These authors
believe that adult toxoplasmosis might easily be mistaken
for these rickettsial disease unless toxoplasmata are dis-
covered in tissues and identified. Hov/ever, differentiation
may also be made on the distribution of the maculopapular
eruption. Furthermore, pulmonary involvement in tj'phus and
spotted fever, if present at all, is secondary and terminal,
while in toxoplasmosis the picture resembles an "atypical
pneumonia" (Pinkerton and Henderson, 1941)
.
In summary, there appear to exist two distinctly differ-
ent clinical syndromes of human toxoplasmosis; a neurologi-
cal type encountered mostly in infants and children, and a
non-neurological type reported almost entirely in adujts.
The most characteristic symptoms of the former disease are
neurological signs, chiefly convulsions, hydrocephalus,
ocular defects, and intracerebral calcification; the latter
symptoms have not been observed in children. Such a clini-
cal picture has very little in common with that of the adult

disease which is characterized by an acute febrile rick-
ettsiosis-like syndrome associated with a pneumonitis. In
addition to these two types of human toxoplasmic disease,
asymptomatic infection is believed to be quite common.
Pathology
As we might expect, the central nervous system, as
well as the choroid and retina in the case of infants, are
heavily invaded by parasites in the neurological type of
human toxoplasmosis. Analagously, in the second form of
the disease, where pulmonary and cutaneous involvement are
characteristic, the lungs and the skin represent the sites
of v/idespread damage. In addition to these organs, though,
lesions and parasites are sometimes encountered in the
heart, adrenals, liver, bone marrow, skeletal muscles, spleen,
and thyroid of either the infant, child, or adult. Those
organs that are heavily infected usually appear grossly ab-
normal but, in most cases, the pathological features are
similar regardless of the site of infection. SiTuptoms re-
ferable to lesions of one or more of the latter organs and
tissues have been observed in some instances.. In the ma-
jority, however, the more characteristic symptoms described
earlier were of such severity as to obscure any less out-
standing manifestation.
With regard to the central nervous system, parasites

and lesions have been encountered v/ith particular frequency
in the hrain. The lesions, report Cowen, V/olf , and Paige
(1942), are most severe in the cerebrum, and here they are
most frequent and intense in the cortex, the basal ganglia,
and at times the periventricular areas, V/einman (1944)
describes the cerebral lesions as being multiple and dis-
seminated, soft and sometimes cheesy centrally, and of a
yellowish color. Furthermore, they are marked by inflammafcLon
and necrosis and by the formation of characteristic miliary
granulomata composed of epithelioid cells and some infil-
trating leukocytes (Cowen, V/olf, and Paige, 194S) . Ac-
cording to these latter authors, after necrosis, the cere-
bral lesions frequently become calcified in infants, giving
rise to the appearance of opaque areas under roentgen ray
examination. Other symptoms of infantile toxoplasmosis
attributable to the severe cortical damage are the gener-
alized convulsions, occasional microcephaly, and, in sur-
viving patients, mental retardation, speech deficiencies,
and petit mal attacks
.
Similar lesions have been observed in the spinal cord,
the ventricular walls of which were soft and yellowish and
sometimes stripped of ependyma. The walls, states Weinman
(1944), may also be the site of coarse granulations which,
when situated in the aqueduct of Sylvius or the interven-
tricular foramina, are believed to be the cause of internal

hydrocephalus. Frequently there is a moderate leptomenin-
gitis, the meninges showing yellow or gray areas of dis-
coloration.
It should be noted that the lesions in the central
nervous system of children with toxoplasmosis are much
milder than those in infants. Most investigators explain
this on the basis of differences in the degree of sus-
ceptibility of the central nervous system of children and
infants to the parasite « In children, the lesions are not
visibly grossly nor do they show massive necrosis and in-
flammation or calcification. These findings account for the
absence of such symptoms as intracerebral calcification,
hydrocephalus, and possibly ocular abnormalities in children.
Similarly, in cases of adult toxoplasmosis, only very mild
and infrequent lesions of the central nervous system have
been noted; therefore, neurological manifestations are, as
a rule, absent in adult patients.
The severe ocular defects in infantile toxoplasmosis
are derived from the widespread involvement of certain tis-
sues of the eye. For example, necrotic lesions, of the same
type as found elsewhere, are extremely prevalent in the
retina. In addition, the choroid and sheath of the optic
nerve usually show infiltration and inflammation. Reduction
of vision is believed by Cowen, Wolf, and Paige (1942) to
be the result of the widespread destruction of the retina,
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particularly the macular region. Microphthalmos and associ-
ated abnormalities of the eye, these authors suggest, proba-
bly result from interference with its development following
infection late in intrauterine life.
Another common site of infection, in infants and
children as well as adults, is the myocardium, in which a
widespread myocarditis with numerous focal necroses of the
muscle fibers frequently occurs. Pinkerton and V/einman
(1940) describe the lesions as yellowish or grayish zones of
discoloration, ranging in size up to 8x4 mm. As for the
lungs, marked changes have been noted only in adults and
consist of a diffuse interstitial pneumonitis with hyper-
plastic changes in the alveolar epithelium and a few foci
of necrosis. Usually the organisms responsible for these
changes were also visible under the microscope. Lesions
and parasites in the skin have also been observed only in
adults. Microscopic examination of the papules on the skin
of the patients described by Pinkerton and Y/einman (1940)
has revealed the presence of local necrosis, fibrin depo-
sition, and some infiltration of leukocytes. It is not
surprising that neither lesions nor parasites have been
found in the skin of infants and children suffering from the
neurological type of toxoplasmosis since, in such cases,
there was not the slightest indication of a cutaneous erup-
tion. Sometimes the characteristic lesions and parasites

are observed in other organs and tissues. In such cases,
symptoms arising from the damage are neither very frequent
nor diagnostic so that, when they do occur, they are usually
obscured by the more characteristic ones.
According to V/einman (1944), the pathological picture,
regardless of the site of infection, is characterized by
lesions v/hich consist of necrotic foci, from several milli-
meters to 2 cm. in size, in which the normal tissue elements •
have either partially or completely disappeared. These
lesions frequently contain large amounts of fibrin or fib-
rinoid material and are infiltrated with a number of neutro-
phils, eosinophils, plasma cells, and macrophages. Capil3ary
thrombosis has also been noted, the vessels having been
occluded with either organisms or thrombi of fibrin and
leukocytes
.
In a consideration of morphology, it was stated that
toxoplasmata occur both as single organisms and as agglomer-
ations. V/hen they assume the former appearance, the organ-
isms may be either extracellular and scattered throughout
the lesions and tissues, or intracellular, in which case
they may occur in a variety of cells. Agglomerations of
parasites, or pseudocysts, on the other hand, are believed
to be always intracellular, except when the host cell is
ruptured, with a distribution similar to that of intracellu-
lar single toxoplasmata. In contrast with the latter form.
r
the intracellular aggregate of toxoplasmata is not associated
with tissue destruction as long as the membrane of the host
cell remains intact. Once the host cell ruptures, the singOe
parasites begin to spread freely and a granuloma begins to
form; the final reaction to the free toxoplasmata is the
fully developed granulomatous lesion (Steiner and Kaump,
1944). Zuelzer (1944) and several other investigators be-
lieve the presence of these intact intracellular aggregates
of organisms in normal tissues to be the result of the es-
tablishment of an eq_uilibrium between the host and the tissue
parasites. Certainly the observation by Weinman (1943) of
the almost exclusive occurrence of Toxoplasma as intracellu-
lar aggregates, together v/ith a lack of tissue destruction,
in the brains of perfectly healthy mice corroborates this
view.
Asymptomatic Toxoplasmosis
In discussing the incidence of human toxoplasmosis, it
was pointed out that this infection is not always manifested
by disease. In fact, some investigators contend that the
appearance of disease symptoms in infected adults, and per-
haps children, is the exception rather than the rule. There
does appear to be conclusive evidence that asymptomatic
toxoplasmosis in man is fairly prevalent but the proof is

not yet complete.
The most significant evidence of the existence of the
inapparent infection in man is derived from the infantile
oases of the disease. The appearance of characteristic
symptoms and pathological lesions of an advanced nature at
hirth, or shortly thereafter, in the majority of infected
infants points to the congenital contraction of the infection,
This is unquestionahle in the case reported by Wolf, Cowen,
and Paige (1941), in which hydrocephalus of a fetus in utero
necessitated cranioclasia for delivery. The congenital con-
traction of infection in these cases, suggests Weinman
(1944), infers that at least one of the parents was infected.
However, none of the parents of the infected infants com-
plained of illness or showed any clinically recognizable
sign of the disease. On the basis of these observations, it
may be reasonably concluded that at least one of the parents
of every infected infant had a latent or subclinical in-
fection which somehow was transmitted to the fetus. One
might expect, therefore, that future children of these
parents would invariably acquire the disease. V/einman (1944),
however, reports a case in which a mother conceived a
perfectly healthy child after the birth of a Toxoplasma-
infected child.
Additional evidence of the existence of latent human
toxoplasmosis is supplied by the results of a serological
r0
test, the protection test devised by Sabin and Olitsky
(1937), By means of this test it has been possible to
demonstrate Toxoplasma neutralizing antibodies in sera of
most mothers of infected infants. The finding of such anti-
bodies is generally considered to constitute evidence of
toxoplasmic infection. Recently, investigators showed that
these neutralizing antibodies are not limited to mothers of
infected infants. Callahan (1945), utilizing the protection
test on one hundred apparently normal individuals between
the ages of eighteen and twenty-eight years, found 2^ of the
individuals tested possessed Toxoplasma neutralizing anti-
bodies in their serum. In view of such findings, it would
appear that asymptomatic toxoplasmic infections in man are
fairly prevalent and it is possible that these individuals
constitute the source, not only of congenital infection,
but also of acqired infection in man,
A condition comparable to asymptomatic human toxoplas-
mosis has been produced in mice by various means by Weinman
(1943), In mice it takes the form of a chronic infection,
without evident illness, which may be transmitted to some of
their offspring. Toxoplasmata, which proved fully virulent
on transfer, were found in abundance in the form of pseudo-
cysts in the brains of the mice. Since these agglomerations
provoke little or no pathological reaction, the mice were
able to survive, without evident illness. Several

authorities, including V/einman (1943) and Tomlinson (1945)
believe that latent or asymptomatic infections in man actu-
ally represent chronic infections. An explanation of
neither the factors that determine the development of this
infection nor the nature of the mechanism involved is offer-
ed by these men.
Considerable evidence of the prevalence of latent human
toxoplasmosis has been furnished but the final proof that
the condition even exists may be obtained only by the demon-
stration of toxoplasmata in these individuals. Attempts to
detect the parasites in the blood or cerebrospinal fluid
of healthy persons whose blood yielded positive neutrali-
zation results have not been reported yet. It is not un-
likely that if parasites are found in such individuals, the
majority of the organisms will be in the form of pseudocysts,
and these will prove especially abundant in the brains of
the personfe postmortem.
Diagnosis
Recently, in experiments by Weinman and Berne (1944)
on the therapeutic effect of certain sulfonamides on experi-
mentally infected mice, it was demonstrated that the re-
covery rate is the higher, the earlier in the course of the
disease therapy is started. Although evidence is lacking,
(-
it is entirely possible, and perhaps probable, that similar
findings will be obtained in the case of human toxoplasmosis.
For this reason, an early diagnosis of the disease would
appear to be an Important factor in the successful treatment
of human patients. As summarized by Weinman (1944), re-
coveries expected to occur v/ith therapy vdll decrease marked-
ly the later in the disease this therapy is instituted.
In the case of infantile toxoplasmosis, diagnosis of
the condition may very well be suggested by the clinical
picture. Signs of cerebral involvement, chorioretinitis,
and roentgen ray evidence of calcification and hydrocephaly
would certainly be indicative of this disease. As for old-
er children, the clinical picture is not so distinctive and
symptoms of an "atypical encephalitis" might not be associ-
ated immediately with toxoplasmosis. Finally, in the case
of the adult disease, it is not unlikely that the clinical
diagnosis would be in favor of Rocky Mountain spotted fever
or typhus rather than toxoplasmosis. There do exist certain
symptomatic differences between these rickettsial diseases
and adult toxoplasmosis such as the distribution of the
rash and the extent of pulmonary involvement but, because
of their variability, they cannot always be relied on as a
means of differentiation. A more reliable diagnosis of
toxoplasmosis in adults, as well as in infants and children,
can be arrived at by the demonstration of Toxoplasma as the
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etiological agent. This may be accomplished either directly
hy the identification of the parasite in the body tissues or
fluids, or indirectly by animal inoculations and serologic
tests. The indirect methods are not considered as reliable
as the actual detection of toxoplasmata in the tissues of
the living patient (Weinman, 1944)
•
In the case of the latter method of diagnosis, the pro-
cedure must vary with the symptoms exhibited by the patient,
For instance, in cases of toxoplasmosis presenting symptoms
of encephalitis or meningo-encephalitis , it may be possible
to detect toxoplasmata in the centrifuged sediment of the
cerebrospinal fluid. Although parasites are present also in
the blood of infected individuals, they are usually so few
in number that a blood examination would be diagnostically
useless. A direct demonstration of Toxoplasma as the causa-
tive agent v;ould probably be more easily accomplished in
adult patients, in whom a maculopapular eruption and pulmo-
nary involvement are the outstanding symptoms. In such
cases, skin biopsy may afford a convenient means of positive
diagnosis in as much as parasites were observed by Pinkerton
and Henderson (1941) in sections of the papules on the skin
of their patients. Also, since parasites were always present
in the macrophages within the bronchioles of the lungs of
these patients, a sputum examination may prove valuable. In
addition, \7einman (1944) suggests the biopsy of any enlarged
it
lymph nodes, the examination of the fluids of pleurisy or
ascites, if the latter exist, and the examination of the
placenta in cases where the infant is abnormal at birth.
Since the morphology of Toxoplasma has already been
rather thoroughly described, it is not necessary to elaborate
on the morphological identification of the organism in tissiies.
It should be mentioned, however, that since its discovery
Toxoplasma has been confused with a number of other parasites
because of similarities in morphologyo For this reason, a
brief discussion of the differential diagnosis of Toxoplasma
from some of these parasites seems appropriate.
Although Toxoplasma is said by several authors to re-
semble the aflagellate forms of Trypanosoma cruzi and the
various species of Leishmania, it can be readily distinguish-
ed from them. The constant occurrence of a prominent rod-
shaped kinetoplast in the latter two parasites sharply
differentiates them from Toxoplasma (Pinkerton and Weinman,
1940) • Similarly, in spite of several outstanding differ-
ences between Sarcocystis and Toxoplasma, these two parasites
have at times been confused. A noteworthy example of this
|
confusion is supplied by Hertig (1934) who reported a case
of sarcosporidiosis in a premature infant which was later
reviewed and reclassified as toxoplasmosis. Morphologically
Toxoplasma bears very little resemblance to Sarcocystis, the
latter parasite occurring in tissues only in the form of

intracellular macroscopic cysts containing internal septa
and enclosed by a definite limiting membrane. In addition,
the differentiation may be based on the pathological picture
produced since Sarcocystis, besides occurring only in
striated muscle and connective tissue, usually produces no
lesions in the tissues of the host.
Considerable difficulty has always been encountered in
differentiating Toxoplasma from still another parasite,
Encephalitozoon. For example, Torres (1927), in diagnosing
a case, considered both Encephalitozoon and Toxoplasma as
the etiologic agent, the final decision being in favor of
the former parasite. More recently, 'Molt and Gowen (1937)
diagnosed a case as caused by Encephalitozoon but, upon re-
consideration, decided in favor of Toxoplasma. The reason
for this confusion, which still exists today, is that both
the morphological characteristics of Encephalitozoon and
the pathological picture caused by this parasite bear a
striking resemblance to those of Toxoplasma. Pinkerton and
Weinman (1940) suggest as differential features in morpholo-
gy the smaller size and more uniformly elliptic shape of
Encephalitozoon and the fact that v/hile in this parasite
there is always some vacuolation of the cytoplasm, the cyto-
plasm of Toxoplasma is only rarely vacuolated. Also,
Encephalitozoon is not as pathogenic, the lesions being less
pronounced and death occurring only rarely. Such differ-
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ences, however, are not very outstanding.
The presence of Toxoplasma in human patients may also
he demonstrated indirectly, through animal inoculations or
by serologic tests. The former method is considered to be
the more reliable. In a suspected case of human toxoplas-
mosis, the material to be inoculated depends on the clinical
symptoms. For instance, if the patient shows neurological
manifestations, the spinal fluid, after a microscopic exam-
ination, should be inoculated into the test animals. In
jj
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the event the disease is characterized by a maculopapular
eruption and pulmonary involvement, both the skin, in ground
form mixed with Tyrode*s solution, and the sputum should be
inoculated. Although very few organisms occur in the blood,
inoculation of blood, regardless of the symptomatology of
the patient, is advised by V/einman (1944) since even a small
dose of parasites, if injected intracerebrally, is sufficient
to produce an acute infection. Thus, the intracerebral
route, if possible, is the preferred method, being the most
sensitive for detecting scanty organisms. The intraperiton- I
eal and subcutaneous routes, states Weinman (1944), although
less sensitive, possess a definite advantage in that they
allov/ the introduction of a larger volume of inoculi-im.
|
Certain inocula such as the skin and sputum should not be
introduced parenterally ; in such cases, V/einman (1944)
suggests the use of a stomach tube or the feeding of the
rc
material to the animal. The test animals most commonly used
for diagnostic purposes are mice and guinea pigs, having
been found the most susceptible to toxoplasmic infection.
Usually several different kinds of animals are inoculated
with the same material at the same time; the reason for
this procedure will be discussed later. If the inoculum,
in any case, contained toxoplasmata, an acute toxoplasmic
infection is usually produced, with the appearance of a
characteristic clinical syndrome seven to ten days after
inoculation. Depending on the route of inoculation, death
usually occurs one to four weeks later; in some instances,
though, the animals remain alive with a chronic infection.
Following the death of the animals, the various organs,
tissues, and body fluids are examined microscopically for
the presence of toxoplasmata.
Since spontaneous toxoplasmic infection is known to
occur quite frequently in animals, the results obtained
from animal inoculations should be interpreted very cautious-
ly. Isolation of toxoplasmata from a single inoculated
animal cannot be regarded as evidence that they originated
from the human material. Because of the frequency of spon-
taneous animal infection, most authorities suggest the use
of numerous, laboratory-reared animals, of several different
kinds and from differeni: litters. Under such conditions,
the simultaneous isolation of Toxoplasma from a number of
(
different animals inoculated with human material would con-
stitute strong evidence of their human origin.
It was stated earlier that Toxoplasma can be cultivated
on living tissue such as embryonated chicken eggs. V/hen
the parasites are introduced on the chorioallantois or in
the yolk sac, the chick embryo will respond with the pro-
duction of numerous and conspicuous white nodules on the
chorioallantoic membrane (Weinman, 1944) • Sections or films
of the material in these nodules reveal the presence of
toxoplasmata. Discovery of these facts led to attempts by
investigators to employ cultures for diagnostic purposes.
It was soon discovered, though, that the characteristic
nodules containing parasites were formed only if sufficient
organisms were inoculated. The injection of a small dose
of Toxoplasma produced no observable changes. For this
reason, the use of cultures as a means of diagnosis is rather
limited.
In view of the frequency with which Toxoplasma has been
confused with other parasites, it may be desirable to con-
firm a diagnosis based on the identification of the parasite
in the human tissues and fluids or in animals inoculated
with human material by serologic methods. At present there
are two serologic tests, both of which are limited in their
use as a means of diagnosis. The first is a protection test
devised by Sabin and Olitsky (1937), involving the passage

of a suspension containing living toxoplasmata and the human
serum to be tested to rabbits. The presence of protective
or neutralizing antibodies in the human serum is indicated
by the formation of a smaller area of necrosis in the rabbit's
skin as compared with that for an equal infective control
dose, one not containing human serum. The discovery that
Toxoplasma neutralizing antibodies are neither demonstrable
in all cases of human toxoplasmosis nor permanent in any one
patient places a definite limitation on the interpretation
of the results of this serologic test. V/hile a positive
reaction constitutes evidence of a recent toxoplasmic infectlor^
negative results cannot be interpreted as indicating the
absence of infection.
A second serologic test for the presence of toxoplasmic
infection makes use of the complement-fixation reaction.
The observation of the fixation of complement by a known
antigen in the presence of human serum is indicative of the
presence of complement -fixing antibodies in the serum. The
presence of such antibodies, naturally, is evidence of toxo-
plasmic infection. As in the case of neutralizing antibodies,
negative results cannot be regarded as evidence of the
absence of infection. Not only are complement-fixing anti-
bodies very temporary, but also they have been demonstrable
in but a small percentage of known cases of hiiman toxoplas-
mosis. Nevertheless, the complement-fixation reaction
•
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possesses a definite advantage over the protection test as
a method of diagnosis, in the event a positive reaction is
to be obtained. Y/hile the results of the former method can
be read after a few hours, the protection test requires
seven to ten days before the results are available, A rapid
diagnosis is important since the chances of recovery are
greater if treatment is begun early in the course of disease.
Epidemiology
In spite of all the v;ork on human toxoplasmosis since
1939, the problem of transmission is only partially solved.
Although there is evidence of the congenital transmission of
toxoplasmosis in man, and also in animals, the exact mecha-
nism is still a matter of speculation. Similarly, the
mechanism of acquired infections in man and animals lies en-
tirely in the realm of speculation and hypothesis. The
lack of information concernihg the mode of transmission of
Toxoplasma has made any attempt at prevention or control of
infection impossible.
The concept of the prenatal inception of infantile
toxoplasmosis is not novel, having been proposed by many of
the earlier investigators. Evidence for the theory is de-
rived from the observations of typical symptoms and patho-
logical lesions of a very advanced nature at birth or

shortly thereafter. In some infants, the lesions are ex-
tensively calcified, making it unlikely that they could
have developed during the short extrauterine period. IVolf
,
Cowen, and Paige (1941) report a case in which there can be
no douht that the infection was acquired during intrauterine
life. This infant gave evidence of hydrocephalus in utero,
necessitating cranioclasia for delivery. Pathological ex-
amination revealed an advanced toxoplasmic encephalomyelitis
with extensive calcification of the lesions and an associated
chorioretinitis. Verification of the diagnosis was accom-
plished by the identification of toxoplasmata in the lesions.
In the beginning, those in opposition to the theory of
congenital transmission of toxoplasmosis based their argu-
ment on the fact that the mothers of infected infants were
apparently healthy and showed no clinical sign of infection.
Recently, this objection was overcome by the demonstration
by investigators of the presence of neutralizing antibodies
in the blood of mothers of infected infants. This indicates
the existence of subclinical infections which, when pregnan-
cy occurred, were transferred to the fetuses where irrepara-
ble damage was produced. ?/olf, Cowen, and Paige (1941)
believe that infection begins late in fetal life since major
developmental anomalies of the brain have not been observed.
Certain investigators contend that, in some cases, the in-
fection remains latent in the infant until childhood at which
no
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time the parasites become active, producing symptoms of an
acute encephalitis. At present it is not known how the in-
fection is transmitted from the mother to the fetus. Since
infection takes place in the female genital canal, as
Weinman (1944) suggests, it is likely that some of the re-
productive organs are involved. Evidence for intrauterine
infection is presented in a case reported hy Paige, Cowen,
and Wolf (1942), Most authorities believe that the toxo-
plasmata cross the placental barrier to the fetus; in the
few placentas that have been examined parasites were not
detected.
While the origin of the childhood infection is still a
matter of dispute, it is universally agreed that adult toxo-
plasmosis is acquired. The reservoir of acquired human in-
fection is believed by practically all authorities to con-
sist of those animals which are often in contact with man
such as the dog, cat, rabbit, squirrel, rat, mouse, certain
birds, and man, himself. The mode of transmission of the
parasites from these animals and man to humans is still a
mystery. Regarding the transmission of infection from the
animal reservoir, two theories must be considered. The
first, which is favored by the majority of Investigators,
involves the transmission by arthropods, especially ticks.
In support of this view is the report of a history of tick
bite in the two cases of adult toxoplasmosis described by
-L.l
Pirikerton and Henderson {1941). Nevertheless, experiments
have not yet shown that any arthropod can transmit these
parasites. Until such experiments yield positive results,
the theory of arthropod-borne toxoplasmosis cannot be ac-
cepted. A few investigators, on the basis of Sabin and
01itsky*s demonstration that carnivorous animals may acquire
the infection by ingestion, suggest the role of contaminated
food in transmitting toxoplasmosis to man. This is hardly
conceivable in the case of man, however, in view of the
finding by Manwell, Coulston, Binckley, and Jones (1945)
that Toxoplasma remains viable for only a short length of
time in tissues of infected animals after death.
Attention has recently become directed on the possibili-
ty that man, himself, is a member of the reservoir of ac-
quired human toxoplasmosis. This is a direct outcome of the
demonstration that latent toxoplasmic infection may be fairly
prevalent among the population. It should be noted, though,
that there is no evidence to indicate that individuals
harboring such infection are capable of transmitting the in-
fection other than congenitally » Nevertheless, several
theories of the mode of non-congenital transmission from
these "human carriers^ have been proposed. One such theory,
involving droplet infection, has been suggested in view of
the success of experimental intranasal infection in animals
and the finding of Toxoplasma-laden macrophages in the
ic
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alveoli and bronchioles of adult patients. In order for
toxoplasmosis to be transmitted by droplet infection, how-
} ever, the parasites must pass rather quickly from the carri-
er to the new host. The latter is necessary because of the
j
susceptibility of Toxoplasma to drying. Venereal acquisition :
of infection has also been proposed; this theory merits con-
sideration in as much as it is thought that congenital
transmission of infection to infants takes place in the fe-
male genital canal. If the latter is true, then, some of I
the female reproductive organs of mothers of infected infants
|
were necessarily harboring toxoplasmata. Certainly the
finding of these parasites by Mesnil and Sarrailhe (1913) '
in the ovaries, oviducts, uterus, and vagina of experimentally;
infected animals lends support to these hypotheses. Finally,
it is also possible that insect vectors such as ticks transmit
toxoplasmata from infected individuals, who are either ex-
hibiting symptoms or are asymptomatic, to healthy persons.
Several theories regarding the mode of transmission of
,
toxoplasmic infection to man have been presented. These
|
same theories are applicable to the transmission of infecticn
to animals. It is entirely possible, however, that toxo-
plasmosis is transmitted in a manner that has not yet been
considered by any authority. In any event, since Toxoplasma
^ neither survives on non-living media nor is resistant to
drying, direct contact is necessary in the transmission of
this parasite. Such direct contact includes not only modes

of transmission v/hich involve literal contact but also those
by means of v/hich the infection is spread quickly enough.
Treatment and Prevention
In the cases of toxoplasmosis recorded in the litera-
ture, treatment has consisted, for the most part, of the use
of drugs which were thought, possibly, to possess toxoplasraa-
cidal properties. Only recently, however, has any success
at all been reported, Dow (1945) has noted that subsequent
to treatment with sulfapyridine a child, suffering from a
toxoplasmic encephalitis, showed a temporary improvement.
This observation, together with the successful results that
have attended the use of sulfathiazole and sulfapyridine
against acute toxoplasmosis in mice, warrant the further
trial of these drugs in the treatment of acute human toxo-
plasmosis. Also, in as much as derivatives of 4-nitro-4*-
amino-diphenylsulfone have exhibited a therapeutic effect
in experimentally infected mice, the effect of these compounds
against the disease in man should be investigated.
In view of our present ignorance of the manner in which
acquired toxoplasmic infection is transmitted, appropriate
prophylactic measures cannot be instituted. It seems very
probable that lower animals, birds, and nan constitute the
source of human infection, but, naturally it is not possible
^ -i
to eradicate this reservoir. Therefore, until the mode of
transmission of the parasites to man is discovered and
prophylaxis becomes possible, the development of an effect-
ive means of therapy is of paramount importance.
Prognosis
As far as the disease is concerned, the prospects of
recovery from human toxoplasmosis do not appear very favor-
able. There are in the literature approximately forty ac-
ceptable cases of the disease in man; of this number only
four have survived, an infant, child, youth, and
adult, yielding a fatality rate of 90^. This figure
refers to cases of the disease only, and should not be
taken to indicate that toxoplasmic infection per se is usu-
ally fatal. Rather the evidence suggests that there is a
large number of perfectly healthy individuals harboring
these parasites.

V. TOXO?L.fiSMOSIS IN ANimLS
Spontaneous Infection
Concerning the host range of spontaneous toxoplasmic
infection, there remains little to he said. A few of the
animals found to harbor toxoplasmata are listed in the dis-
cussion of the host range of this parasite. A complete list
of the fish, reptiles, "birds, and mammals in which Toxoplaana
has been reported v/ould fill many pages. Authorities have
no idea of the incidence of toxoplasmic infection in animals
and birds as a whole* A few investigators, however, have
determined the incidence of toxoplasmosis in individual
species of animals, each species' occupying a specific habitat.
For instance, Perrin, Brigham, and Pickens (1945) demon-
strated the incidence of spontaneous toxoplasmic infection
in wild rats trapped in Savannah, Georgia to be 8.7'?^5. Simi-
larly, ;/etmore (1941) reports a 1% incidence of toxoplasmic
infection in 618 birds from the District of Columbia. Natu-
rally, the incidence of infection varies with each species
of ahimal and with the habitat of the particular species.
Besides having a wide distribution among animals, Toxoplasma
has been found equally widely distributed geographically.
In fact, less than twenty-five years after its discovery,
spontaneous toxoplasmosis had been reported from every conti-
nent in the world.

As in the case of huracn toxoplasmosis, spontaneous in-
fection in animals may produce a typical clinical picture
or may be asymptomatic. Unlike the human disease, however,
only a neurological type of disease has been observed in
animals. The onset of disease, states Markham (1937), is
very abrupt, the animals becoming inactive and finally
prostrate. Spastic paralysis, or less freq.uently the flaccid
type, opisthotonos, and escape movements are comraonly re-
ported. Control of the urethral and anal sphincters are
usually lost. In most cases, before death occurs, Vvhich
is two or three weeks after the onset of disease, the
temperature falls rapidly to a very lov; level (Markham, 1937 ) .
It is quite probable that animals also harbor non-neuro-
logical spontaneous infection, but, since the clinical mani-
festations are not very striking and since they resemble
those of more common diseases, this type of disease has gone
unnoticed. Such infections have been produced experimentally
in animals and are manifested chiefly by pulmonary involve-
ment. A number of animals, including the rat, guinea pig,
and bird, have been found to harbor infection v^ithout ex-
hibiting any sign of disease. Such latent infections may
be extremely prevalent but are discovered only when the
tissues of these animals are examined microscopically or are
inoculated into other animals.
Histological examination of the brains of spontaneously
4
infected animals exhibiting neurological symptoms reveals
a somewhat different pathological picture than that seen in
humans. The lesions observed have usually been small nodu-
lar accumulations of microglial cells and small granuloma-
tous lesions made up of large polyhedral or fusiform cells.
Tissue necrosis in the granulomas has not been reported.
Mooser (1929) and Perrin, Brigham, and Pickens (1943) des-
cribe a slight to moderate perivascular infiltration by
lymphocytes and plasma cells in the vicinity of the nodular
and granulomatous lesions. In contrast with the hioman dis-
ease, the majority of the parasites are found in cyst-like
accumulations of the type previously described, A few free
toxoplasmata are observed. In the regions of the pseudo-
cysts there is usually no inflammatory reaction nor tissue
destruction, but, in the vicinity of and at a distance from
single parasites, the small nodular and granulomatous lesions
are common. These findings corroborate the view that tissue
destruction is produced by the single toxoplasmata, not by
the intact pseudocysts. Parasites have not been observed in
any organ or tissue other than the brain, and occasionally
the meninges, nor has successful animal inoculation been
accomplished with tissue other than the brain tissue of in-
fected animals. In animals possessing latent infections,
very few free toxoplasmata and lesions are visible but
pseudocysts are rather prevalent. It seems likely that

mioroscopic examination of the brains of humans with asympto-
matic infection will reveal a similar picture.
The epidemiology of Toxoplasma infection in animals
has already been discussed to some extent. It was pointed
out that the manner in v/hich animals acquire the infection
is not definitely known. At present several theories have
been proposed, suggesting the role of arthropods, cannibal-
ism, ingestion, droplet infection, and venereal contact.
The only proved method of transmission, however, is by the
congenital route, which occurs both in man and in animals.
Most authorities believe that the large reservoir of spon-
taneous toxoplasmic infection in animals and birds consti-
tutes the chief source of acquired human infection. The
mode of transmission from this reservoir to man is still a
matter of speculation; a review of the theories was present-
ed earlier. If lower animals are found to be the chief
source of infection in man, it is likely that domesticated
animals and pets will prove the principal culprits.

Experimental Transmission to Animals
a. Methods, Symptomatology, Pathology
In an early experiment on immunity, Mesnil and Sarrailhe^
(1913) transmitted toxoplasmata intraperitoneally to mice.
This is probably the first reported instance of experimental
toxoplasmic infection in animals. Since then, the infection
has been produced experimentally in a variety of animals,
usually for diagnostic purposes. Mice and, less frequently,
guinea pigs are the most commonly used animals, having been
found the most susceptible to toxoplasmic infection. Other
animals such as rabbits, monkeys, and birds are used occasicn-
ally but require a larger dose of toxoplasmata for infection.
In most cases the experimental infection is produced by in-
oculation, either intracerebrally
,
intraperitoneally, or
subcutaneously. The intracerebral route, being the most
sensitive for detecting scanty organisms, is the preferred
method. The intraperitoneal and subcutaneous routes possess
an advantage, nevertheless, in that they allow the intro-
duction of a larger volume of inoculum (V/einman, 1944) . For
certain substances such as skin or sputxim, Weiniaan (1944)
suggests non-parenteral administration. Successful inocula
are constituted by any tissue or body fluid containing the
parasites; toxoplasmata have not been observed, however, in
i: C
the blood of human patients, yet this fluid has frequently
induced infections.
According to the circumstances, the infection produced
experimentally by the transmission of toxoplasmata to ani-
mals is either an acute neurological type, a non-neurologi-
cal more chronic form, or asymptomatic. Naturally, the
neurological manifestations result from intracerebral inocu-
lation, paralysis, tremors, and incoordination appearing
about seven days after infection. The appearance of the
animal is characteristic; ruffled coat, hunched position,
wasted flanks, and a flaccid abdomen (Perrin, Brigham,
Pickens, 1943) , Death occurs within one or two days after
the symptoms become evident. The brains of intracerebrally
inoculated animals show a disseminated meningo-encephalitis
characterized by focal inflammatory, necrotizing, and pro-
ductive lesions. Parasites, for the most part occurring
singly, are observed in the lesions. Focal inflammatory
lesions are less frequently encountered in the lungs, striat-
ed muscles, heart, spleen, and liver.
Intraperitoneal and subcutaneous inoculations produce
non-neurological clinical pictures which are almost identi-
cal, the only difference being the absence of skin lesions
if the former route is employed. Severe pulmonary involve-
ment is the most striking symptom here; this is manifested
by very labored breathing. Subcutaneous transmission of

toxoplasmosis, in addition, induces local skin lesions
v/hich are quite distinctive. This form of the disease is
more chronic than the neurological type, death usually not
occurring until two to four weeks after inoculation. In
contrast with the neurological type, the "brains of intra-
peritoneally and subcutaneously infected animals show little
or no change v^hile the lungs, particularly, and, to a lesser
degree, the liver, spleen, and adrenals are the seat of
multiple focal lesions. Similar lesions are also noted in
the skin in the case of subcutaneous inoculation. ?ree
toxoplasmata occur in large numbers either in or in the vi-
cinity of the lesions.
A third form of experimental toxoplasmic infection in
animals is the asymptomatic infection which was first demon-
strated by Weinman (1943) in mice. This investigator dis-
covered that if a carefully regulated dosage of toxoplasmata
is inoculated intraperitoneally or subcutaneously, but not
intracerebrally, into mice, the animals undergo an acute
toxoplasmosis, which finally terminates in spontaneous re-
covery. Although the surviving mice show no further clini-
cal symptoms of infection, nevertheless, histological exam-
ination reveals the persistence of parasites in the form of
pseudocysts in their brains. These animals are, therefore,
still infected, even though there are no clinical manifest-
ations, y/einman (1943) refers to such animals as "chronic
L
carriers" since the toxoplasmata in their brains prove fully
virulent on transfer, and, when the mice are interbred,
some of the offspring will be infected when born. The
brains of these animals, upon microscopic examination, shov/
the presence of large numbers of widely distributed pseudo-
cysts containing normal appearing parasites. These pseudo-
cysts provoke little or no pathological reaction, thus the
apparent health of the animals. Toxoplasmata are relatively
scarce in the lungs and spleen of chronically infected mice,
their presence being revealed at times only by animal inocu-
lation. Such a distribution of parasites is somewhat un-
expected in view of the fact that the infection was originally
produced by subcutaneous or intraperitoneal inoculation.
V/einman (1943) explains this on the basis of a differential
visceral immunity, with immunity marked in the lungs, but
feeble in the brain.
In epidemiological studies of toxoplasmosis, other
means of experimentally infecting animals have been attempted.
Experiments involving the transmission of infection by
arthropod vectors have as yet not proved successful. Sabin
and Olitsky (1937), however, found that toxoplasmic infection
could be transmitted to guinea pigs by feeding the animals
material containing the parasites and by intranasal inocu-
lation. The implications of the results of these experiments
to theories of the mode of transmission of acqired human and

animal infection have already been discussed.
b . Immunology-
It has long been recognized that experimental' animals
recovering from an initial toxoplasmic infection develop a
strong resistance to reinoculation. According to Sabin
(1939), this immunity extends to all strains of mammalian
origin; notably, cross-protection is afforded by toxoplas-
mata of human origin against organisms found in guinea pigs
Until 1943, the prevalent conception was that the recovery
of animals from infection was due to a solid and pronounced
immunity leading to the auto-sterilization of the animals.
V/einman (1943)
,
ho^vever, showed that resistant animals are
not sterilized, that, on the contrary, toxoplasmosis per-
sists as a chronic infection in v/hich virulent organisms
are harbored by the host for long periods. These organisms
are found in the form of pseudocysts in the brain of the
animals; the local lesions are minimal and different, there
fore, from those seen during the acute disease.
The development of immunity in animals following re-
covery from an initial toxoplasmic infection suggests that
antibodies may occur in the blood of such animals. In 1914
Sarrailhe^, one of the earlier investigators of this subject
inoculated mice intraperitoneally with mixtures of
i;
toxoplasmQta and serum. No protective activity was observed
vath either normal serum (human, monkey, rat) or convales-
cent serum (dog, mouse). Levaditi and his co-workers (1929),
also unable to demonstrate any neutralizing activity of
convalescent rabbit serum against toxoplasmata, this time in
vitro, concluded that immunity in the rabbit is essentially
of a cellular nature. The findings of Sarrailh/ and Levaditi
were later confirmed by Sabin and Ruchman (1942) who util-
ized the protection test to determine the presence or absence
of antibody. According to these authors, there is no
neutralizing antibody in the fresh sera of normal rabbits,
mice, cats, or dogs, nor do these animals develop appreciable
antibody after recovery from experimental infection with
Toxoplasma. The presence of neutralizing antibody against
Toxoplasma was first reported in experimentally infected
rhesus monkeys. Sabin and Olitsky (1937) demonstrated this
by inoculating rabbits intracutaneously v/ith a mixture of
the monkey serum and tissue suspension containing the para-
sites; in such cases there was a definite protective re-
action manifested by the inhibition of necrotic lesions in
the skin of the rabbit.
The nature of the protective antibody, as well as the
immunity associated with such antibodies, have been investi-
gated by Sabin and Olitsky (1937) and Sabin and Ruchiaan
(1942) 0 According to these authors, antibody is absent in
c <
the fresh sera of rhesus monkeys before infection with
Toxoplasma, hut appears within one or two weeks after in-
fection. Such antibody may disappear as early as six weeks
after infection or may persist for at least fourteen months,
the limit of observation thus far, V/einman (1944) suggests
that the antibody titer reaches a certain peak and then de-
clines, after which the animals are no longer resistant to
inoculation. In experiments by Sabin and Olitsky (1937),
the protective antibody in convalescent monkey sera was
found to have no effect on Toxoplasma in vitro. After incu-
bation V\?ith the serum in vitro for several hours, the para-
sites were separated, and, by animal inoculation, it was
shown that they had retained their infectivity. No expla-
nation for this phenomenon was offered by the authors at
the time. In a later experiment, however, Sabin and Ruchman
(1942) observed that the Toxoplasma neutralizing antibody,
or some part of it, is very labile, the neutralizing effect
being lost very quickly unless the serum is frozen with
solid CO and maintained in this state in a refrigerator.
2
In view of the fact that the serum had been kept in vitro
not under refrigeration for several hours in the experiment
by Sabin and Olitsky (1937), the negative results obtained
by these investigators are not surprising.
Following the discovery of Toxoplasma neutralizing
antibody in convalescent monkey sera, the sera of proven
rc
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cases of hiiman toxoplasmosis were tested by the same method.
It v/as demonstrated by Cowen, V/olf, and Paige (1942) that
neutralizing antibody against Toxoplasma develops in human
serum shortly after infection and may disappear as early as
six weeks later. Since its presence is indicative of in-
fection, the detection of this antibody is now employed as
a means of diagnosis of human toxoplasmosis. The neutral-
ization or protection test devised by Sabin and Olitsky
(1937) has proven valid in detecting neutralizing antibodies
and is commonly used. In this test, two sets of progressive
dilutions of living toxoplasmata are prepared. One set is
mixed with the serum to be tested; equal amounts of normal
serum are added to the other set, which serves as the con-
trol. Both sets of infective material are injected intra-
cutaneously into a single rabbit. Results can be read at
the end of seven to ten days. If the control injections
give rise to a larger area of necrosis, or if at the same
dilution, the control shows necrosis whereas the serum-
Toxoplasma inoculum does not, the serum is considered to
have exerted a protective effect. Sabin (1942a) has esti-
mated the incidence of Toxoplasma neutralizing antibody
among various age groups of the population to be in the
range of 10^*
The need for a more rapid and simple serological test
for toxoplasmic infection prompted Warren and Sabin (1942)
tr
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to investigate the development of oomplement-fixing anti-
bodies in human and animal serao These authors found that
an extract of Toxoplasma-infected rahbit brain yielded an
antigen which fixed complement specifically in the presence
of immune sera from experimentally infected rhesus monkeys
but not rabbits, dogs, and cats. The complement-fixing
antibody was demonstrable within one to four weeks after
inoculation, but, unlike the neutralizing antibody, dis-
appeared, in most monkeys, after tv/o months. The sera of
hximans known to have toxoplasmosis were also tested for
complement-fixing antibody but only a small percentage of
the cases yielded positive results. Since neutralizing and
complement-fixing antibodies neither are permanent nor occur
in all infected humans, the results of these tests should be
interpreted with caution. While the presence of such anti-
bodies constitutes strong evidence of toxoplasmic infection,
negative results are not necessarily indicative of the
absence of infection*
c . Chemotherapy
With reports of cases of human toxoplasmosis steadily
increasing since 1939, the need for an effective therapeutic
agent became apparent. Sabin and Warren (1941), the pio-
neers in the search, investigated the effect of several
J..!
chemical compounds, known for their activity against many
Protozoa, against Toxoplasma, The activity of these com-
pounds against Toxoplasma was studied both in vitro and in
vivo. In the former study, Toxoplasraa-containing exudate
was incubated in vitro with various drugs, in several di-
lutions, and, then, the mixtures injected into mice to test
for the survival of the parasites. The in vivo tests were
performed by administering the compounds under investigation,
I
in various dilutions, to mice and rabbits infected with
known amounts of Toxoplasma.
Although many of the compounds tested, such as atabrin, <
rivanol lactate, trypoflavin, potassium antimony tartrate,
mapharsen, and optochin, were toxoplasmacidal in vitro, not
one of these compounds, even in high dilutions, had any
therapeutic effect in vivo. In contradistinction, Sabin and
Warren (194£) found that mice infected with at least 100-
1000 M.L.D. remained well if given a diet containing ifo of
either sulfathiazole or sulfapyridine . Many of these ani-
mals, if given this diet for at least forty-five days, did
not die for one to two months after discontinuance of the
drug. Mice infected with 100 M.L.D. or less were cured when
Ifo sulfathiazole was given within two days after infection
for a period of sixteen days or longer. Neither sulfathia-
zole nor sulfapyridine, however, even in a concentration of
1:4000, was capable of destroying the toxoplasmata after
incubation in vitro for twenty-four hours.

V/einman and Berne (1944), after studying the data of
the previous authors, concluded that the effectiveness ' of
sulfapyridine and sulfathiazole was dependent upon the
maintenance of certain blood levels of drug. The failure to
maintain these levels, they suggested, was primarily re-
sponsible for the failure of the drugs to cure the majority
of the mice in the experiments by Sabin and V?arren (1942),
The experiments performed by Weinman and Berne (1944) yielded
results which support their hypothesis. They found that,
with the blood levels of infected mice maintained at a range
of 7 to 25 mg. of drug per 100 cc. of blood, sulfapyridine
and sulfathiazole v/ere remarkably successful in curing acute
toxoplasmosis in these animals. If therapy was initiated at
the end of the first third of the period of expected sur-
vival, nearly all of the treated animals recovered. About
half of the animals recovered if treatment was delayed till
the second third of the period; in some cases this was only
three days before the anticipated death of the animal.
Thus, the recovery rate was higher, the earlier in the course
of the disease treatment was started. It should be mentioned,
however, that, although the disease was cured in many animals,
in no case was the infection sterilized. Histological ex-
amination of the brains of these healthy appearing mice re-
vealed an abundance of parasites, in the form of pseudocysts,
which proved to be virulent on passage to other mice.
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Therefore, treatment with these sulfonamides cannot be re-
lied on to eradicate the carrier state. Nevertheless, the
results obtained vtfith mice warrant the trial of sulfathia-
zole and sulfapyridine in the treatment of acute human
toxoplasmosis
•
Successful results in the treatment of acute experimen-
tal toxoplasmosis of mice have also been obtained by Biocca
(1943) who employed derivatives of 4-nitro-4 -amino-diphenyl-
sulfone. This investigator reports that the phenyldiamine
and salicylic acid derivatives are far superior to both
sulfapyridine and sulfathiazole in the treatment of toxo-
plasmosis. The chemotherapeutic activity of compounds of
4-nitro-4*-amino-diphenylsulfone v/as found to be inversely
proportional to the length of the carbon chain linked to
the amino group.
Recently, Augustine, Weinman, and McAllister (1945)
investigated the effect of penicillin sodium therapy on
infected mice. Although very large doses were employed,
this drug did not delay death significantly in any of these
animals.
t
VI. FINDINGS AND CONCLUSIONS
In 1937, Sabin and Olitsky called attention to the fact
that Toxoplasma appears to have many features in common with
certain of the filtrable viruses. At the time they believed
the organism was an obligate intracellular parasite. Since
then, it has been demonstrated conclusively that this para-
site occurs extra- as v/ell as intracellularly , Nevertheless,
the fact remains that Toxoplasma resembles the viruses in
several respects.
Toxoplasma and certain viruses are perhaps most similar
in the clinical picture they produce. The fact that many
viruses are strongly neurotropic needs no further elaboration.
This same attraction to the nervous system is evidenced in
infantile and childhood toxoplasmosis as well as in the
spontaneous disease in animals. Thus, the syndrome of en-
cephalitis caused by Toxoplasma is strikingly similar to
those of various encephalitides caused by viruses. In fact,
it is not unlikely that cases of infantile and childhood
toxoplasmosis have been diagnosed as virus infections.
Toxoplasma also resembles viruses in its refusal to
survive and multiply on artificial media. Neither have ever
been reported as growing on non-living media. Both groups
of parasites, however, can be cultivated in susceptible
c
animals and in chick embryos. In addition, the resistance
to certain physical and chemical agents of Toxoplasma and
viruses is remarkably alike. Exposed to a temperature of
50*'C., both the virus and Toxoplasma lose their infectivity
in a matter of minutes. Also drying and disinfectants
quickly inactivate these parasites. Both groups exhibit a
resistance to freezing and can be preserved for long periods
of time in the frozen state, Finally, Toxoplasma and viruses
have certain immunological features in common. For example,
experimental animals that recover from both virus and toxo-
plasmic infections develop a resistance to reinoculation.
Furthermore, sometimes this immunity is lifelong in both
groups
,
In as much as viruses and Toxoplasma are very similar
in their resistance to certain physical and chemical agents,
it is possible that their exogenous cycles are passed simi-
larly. Thus, Toxoplasma may be transmitted in the same
manner as viruses, namely by droplet infection and by insect
vectors. Both modes of transmission have been suggested for
Toxoplasma by many authorities. These, as well as the other
possible modes of transmission mentioned earlier, need
further investigation.
Another important problem req.uiring further experimen-
tation concerns the treatment of the human disease. Since
cases of the disease are being reported with increasing
c
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frequency, in the absence of a means of prophylaxis, an
effective method of treatment is naturally desirable.
Furthermore, there is reason to believe that latent infecticns
are prevalent among the population. In as much as mothers
harboring latent infection are capable of transmitting the
infection oongenitally, these individuals present a serious
problem. It is possible that sulfapyridine
,
sulfathiazole,
and certain derivatives of 4-nitro-4 -amino-diphenylsulfone
represent the solution to the problem of disease treatment.
At present, v^e cannot, however, be as optimistic about the
eradication of the latent infection.
In the introduction it was pointed out that many
aspects of the biology of Toxoplasma and toxoplasmic infection
are still a mystery. At this point the reader should be
fully avxt^re of the verity of this statement.
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711. ABSTRACT
Toxoplasma v/as probably seen first by Laveran (1900)
in Java sparrows. This author, and other early investiga-
tors, considered the organism to be a stage in the life
cycle of either Haemoproteus or Tlaemogregarina . The organ-
ism v/as not recognized as an independent genus until 1908
when it was observed in a North African gondi by Nicolle
and Manceaux. These authors devised the name, Toxoplasma,
to designate the characteristic bowed appearance of the
organism; the species name proposed was gondii. Since then.
Toxoplasma has been reported in a wide variety of fish,
reptiles, birds, and mammals from all over the world.
The exact nature of Toxoplasma and its taxonomic status
are still a matter of dispute. There is not sufficient evi-
dence to place the organism in either the Protozoa, the
Fungi, or in any other group. Nevertheless, most investi-
gators consider the parasite as a member of the Protozoa and
classify it with the Sporozoa. The basis for such a classi-
fication is lacking at present. Several species names have
been given to the Toxoplasma found in different animals but
there is no means of differentiating between these so-called
species. Therefore, most authorities consider T. gondii
.
Nicolle and Manceaux 1909 to be the only valid species, and
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believe it is capable of infecting a wide range of hosts.
The parasite is capable of assuming two different ap-
pearances, occurring both singly and in agglomerations or
pseudocysts. In the former case, the organism has the
outline of a bow and appears as an elongate crescent body,
measuring about 6x2/f. The nucleus is fairly well differ-
entiated from the cytoplasm and is situated on the midline
of the long axis of the body. No flagellum, kinetoplast, or
polar capsule has been observed. In Giemsa-stained sections,
the cytoplasm is stained pink; the nucleus which is the only
intracytoplasmic structure of constant occurrence stains
blue. Surrounding the nucleus is a lightly stained area
referred to as a "cytoplasmic halo". Such single toxoplas-
mata occur both intra- and extracellularly and were recently
shown to possess the power of independent motility. Ag-
glomerations of these single parasites in close apposition,
occurring only intracellularly, are q.uite common. These
pseudocysts, v/hich arise by repeated binary fission of the
parasites, vary in size and in the number of component
parts. The evidence indicates that the agglomerations of
toxoplasmata are not associated with tissue destruction.
Although schizogony of Toxoplasma has been reported occasion-
ally, binary fission, either intra- or extracellularly, is
the only proven method of reproduction.
The most remarkable characteristics of Toxoplasma are
r<
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its almost complete lack of host and tissue specificity.
Almost any warm-blooded animal seems to "be susceptible to
infection. It is not surprising, therefore, to find the
infection widely distributed geographically. A variety of
cells, tissues, and organs in infected hosts have been
found to harbor the organisms. Regardless of the site of
invasion, the pathological features are similar.
Cultivation of Toxoplasma has been attempted on a var-
iety of artificial media but without success. The parasite
can be cultivated on living tissue such as embryonated chick
eggs. Low-temperature freezing has been found to preserve
the organisms for long periods of time; heat, drying, alco-
hol, and phenol quickly inactivate the parasite. Several
antiprotozoan drugs have been found toxoplasmacidal in vitro
but are ineffective _in vivo. Certain sulfonamides such as
sulfathiazole and sulfapyridine have no effect on Toxoplasma
in vitro but, if a proper blood level of drug is maintained,
are reported to cure the disease in mice.
The first suggestion of toxoplasmic infection in man
was made by Castellani (1913). Several other early cases
were reported but, as in the case of Castellani, identifi-
cation of the parasite v/as based solely on morphological
grounds In 1939, V/olf and Cowen reported the first proven
case of human toxoplasmosis. Since then, approximately
forty more cases are recorded in the literature. These
r5
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cases are very widely distributed geographically, having
been reported from N, America, S. America, C, America, and
Europe. It is probable that the disease incidence is higher
than the number of reported cases indicates since many
instances of the disease are undoubtedly diagnosed as more
common diseases. In as much as asymptomatic toxoplasmic
infection is believed to occur, the disease incidence cannot
be taken to represent the incidence of infection. According
to Sabin (1942), the incidence of infection in certain age
groups of our population is- about 10^.
Toxoplasmic disease in humans is manifested by two
completely different clinical pictures. In infants and
children, the predominant manifestations are neurological,
chiefly in the form of an acute meningo-encephalitis . Con-
vulsions are the most characteristic symptoms here. In
addition, in infants but rarely in children, internal hydro-
cephalus, ocular defects, and intracerebral calcification
are typical. In the case of infants, the symptoms begin at
birth, or shortly thereafter, death usually occurring within
one or two weeks later. A few infants and children survive,
but vifith severe mental deficiency. The second type of
human toxoplasmosis, occurring generally in adults, is mani-
fested by a non-neurological syndrome in the form of a
maculopapular eruption and severe pulmonary involvement.
This form of the disease may be readily confused with typhus

or Rocky Mountain spotted fever.
The diagnosis of the human disease may be "based on the
clinical picture or the demonstration of Toxoplasma as the
etiologic agent. The latter may be accomplished either
directly by the identification of the parasite in the body
of the patient, or indirectly by animal inoculations and
serological tests. The indirect methods are less reliable
than the direct method* In addition to the two forms of
disease, there is evidence that asymptomatic toxoplasmic
infection is quite prevalent in animals and man.
Except for congenital transmission, neither the portal
of entry nor the mode of transmission of Toxoplasma to man
and animals in nature is known. Several theories have been
proposed, suggesting insect vectors, ingestion, cannibalism,
droplet infection, and venereal contact as the method of
transmission of this parasite. At the present time, however,
the congenital route is the only proven one.
Although there is still no definite method of treat-
ment of human toxoplasmosis, the results obtained with
sulfathiazole, sulfapyridine, and certain derivatives of
4-nitro-4»-amino-diphenylsulfone in experimentally infected
mice look promising. Also, sulfapyridine has recently been
reported to have effected an improvement in a child suffer-
ing from toxoplasmic encephalitis. In view of such results,
these compounds deserve further trial in the treatment of
ji
etc t.
c
<
the human disease. Since the mode of transmission of the
human infection is not known, prophylaxis is not possible.
In animals, the spontaneous infection is either asympto
matic or is manifested by neurological symptoms. The in-
fection has also been produced experimentally in various
i^nimals. The type of symptomatology in these animals is
dependent on the route of inoculation of the toxoplasmata.
Under the proper conditions, a resistance to re inoculation
can be effected in animals. In the case of the rabbit,
mouse, cat, and dog, the immunity is believed to be of a
cellular nature while, in experimentally infected rhesus
monkeys, neutralizing and complement-fixing antibodies have
been found. By means of serologic tests, it has been possi-
ble to demonstrate such antibodies in some of the known
cases of human toxoplasmosis.
cc <
BIBLIOGRiiPHY
Adie, <r«R, 1908. Note on a parasite in the sparrov;. Ind.
Med. Gaz, 43, 176-180,
Anschutz, G. 1909. ITber den Entwickelungsgang des
Haemoproteus oryzivorae nov. spec. Centralbl. f. Bact.
Abt. Orig. 51, 654-559.
Augustine, D, L., D. Y/einman, and J". McAllister, 1944.
Rapid and sterilizing effect of penicillin sodium in experi-
mental relapsing fever infections and its ineffectiveness
in the treatment of trypanasomiasis and toxoplasmosis.
Sci, 99, 19-20.
Biocca, S. 1943. Quimioterapia sulfonica da toxoplasmose
.
Arqo Biol. S7, 7-10,
Buchanan, D. and C. Lara-Gonzales, 1945. A clinical,
pathological, and experimental study. Arch. Neur. Psychiat.
53, 447-448o
Callahan, P, 1945. The incidence of toxoplasmic
infections in the St. Louis area. Proc. Soc. ExDer. Biol.
Med. 59, 68-70.
Castellani, A. 1913. Protozoa-like bodies in a case of
protracted fever with splenomegaly. J. Ceylon Br. Brit. ?T.
A. 10, 20-21.
Chalmers, A, Jo and S. A. Kamar, 1920. Toxoplasma pyroge..
Castellani 1913. J, Trop. Med. 23, 45-47.
Chandler, A. C, 1944. Introduction To Parasitology. John
Wiley & sons. Inc., New York.
Covv-en, Do, A, Wolf, and B. H. Paige, 1942. Toxoplasmic
encephalomyelitis; VI Clinical diagnosis of infantile or
congenital toxoplasmosis; survival beyond infancy. Arch.
Neurol, Psychiat. 48, 689-739.
Craig, C. F. and E. G, Faust, 1945. Clinical Parasitologv
.
Lea & Eebiger, Philadelphia and N. Y.
Dow, Ro S. 1945. Toxoplasmic encephalitis. North-^'Jest Med.
44, 382-387.
c
Dyke, C.G., A, 7/olf, D. Cowen, B.H. Paige, and J, Caffey,
1942. Toxoplasmic encephalomyelitis; YIII Significance of
roentgenographic findings in the diagnosis of infantile or
congenital toxoplasmosis. Am. J". Roentgen. 47, 830-Q44o
Fedoi;ovitch, A.Io 1916. Hemoparasites trouves dans un cas
de fievre chroniq.ue. Ann. Inst. Pasteur 30, 249-250
o
Herman, CM. 1937, Toxoplasma in North American "birds and
attempted transmission to canaries and chickens. Am. Jo
Hyg. 25, 303-312.
Hertig, A.T. 1934, Sarcosporidia in the myocardium of a
premature infant. Am. J. Path. 10, 413-418,
Janku, J« 1923 „ Pathogenie et l*anatomie pathologique de
colomhe congenitale de^la macula jaune dans l*oeil le
dimensions normales, meine proc\s dans l*oe^l microphthal-
mique avec presence des parasites dans la retine, Casop,
l^k (?esk. 62, 1021-1142.
Koch, F.L.P., A. \7olf, D. Cowen, and B.H. Paige, 1943,
Toxoplasmic encephalomyelitis. Arch. Ophthal. 29, 1-25,
Laveran, A. 1900. Au sujet de l*hematozoaire endoglobulaire
de Padda cryzivora
.
Comp. rend. See. Biol. 52, 19-20.
Levaditi, C, V. Sanch^s-Bayarri , P. Lepine, ^and R. Schoen,
1929. Etude sur 1 *encephalo-myelite provcq^uee par le
Toxoplasma cuniculi. Ann, Inst. Pasteui' 43, 1063-1080.
Manv/ell, R.D,, F. Coulston, E.G. Binckley, and Y<,P. Jones,
1945, Mamraalian and avian Toxoplasma. J. Inf. Dis. 76,
1-14.
Manwell, R.D. and R. Edgett, 1943, The relative importance
of certain factors in the low-temperature preservation of
malaria parasites. Am. J, Trop. Med, 23, 551-559.
Markham, F.S. 1937. Spontaneous Toxoplasma encephalitis in
the guinea pig. Am. J. Hyg. 26, 193-195.
Mesnil, F, and A. Sarrailhe^, 1913. Toxoplasmose expe'ri-
mentale de la souris; passage par les muq.ueses; conser-
vation du virus dans le cadavre. Compt. rend. Soc. Biol.
74, 1325-1327.
Mooser, H. 1929, Tarbardillo, an American variety of
typhus. J. In^. Dis, 44, 186-189.

Nicolle, C. and L* Manceaux, 1908. Sur une infection a
corps de Leishman (ou organismes voisins) du gondi. Compt.
rend. Acad. d. sc. 147, 763-766.
Nicolle, C. and L. Manceaux, 1909, Sur un protozoaire
nouveau du gondi. Compt. rend. Acad. d. sc. 148, 369-372.
Nobrega, P. and J". Reis, 1942. Identidade dos Toxoplasmas
de aves e de mamiferos. Arci. Inst. Biol. 13, 21-28.
Novy, F.G. and W.Y. MacITeal, 1904. Trypanasomes and bird
malaria. Am. Med. 8, 932-936.
Olafson, P. and V/.S, Monlux, 1942. Toxoplasma infection in
animals. Cornell Yet. 32, 176-190.
Paige, B.E., D. Cov/en, and A. V/olf, 1942, Toxoplasmic
encephalomyelitis; V Further observations of the infantile
toxoplasmosis; intrauterine inception of the disease, viscer-
al manifestations. Am J, Dis. Child. 63, 474-514.
Perrin, T.L., G.D. Brigham, and E.G. Pickens, 1943. Toxo-
plasmosis in v/ild rats. J. Inf. Dis. 72, 91-96.
Pinkerton, H. and R.G. Henderson, 1941. Adult toxoplasmosis.
J". A. M. A. 116, 807-814.
Pinkerton, H. and D. Weinman, 1940. Toxoplasma infection
in man. Arch. Path. 30, 374-392.
Plate, L. 1914. Brief note on Toxoplasma pyrogene s
Castellani 1913. J". Trop. Med. Hyg. 17, 98.
Plimmer, E.G. 1916. Notes on the genus Toxoplasma with a
description of three new species, Proc. Roy. Soc» 89, 291-
296.
Pratt-Thomas, H.R, and W.M. Cannon, 1946. Systemic infantile
toxoplasmosis. Am^ J, Path. 22, 779-789.
Prowazek, So 1910. Parasitiche protozoen aus Japan. Arch.
Schuffs-n-Trop. Hyg. 14, 297-302.
Ray, H.N. and K. Raghavachari, 1944. A note on Toxoplasma
canis infection in a spaniel. Ind. J", Vet. Sc. 11, 28-32.
Richter, R, 1936. Meningo-encephalomyelitis neonatorum.
Arch. Neur. Psychiat. 36, 1085-1100.

Sabin, A.B. 1939, Biological and iiomunological identity
of Toxoplasma of aniraal and human origin. Proc, Soo, Exp,
Biol, Med. 41, 75-80,
Sabin, A.B. 1941. Toxoplasmic encephalitis in children,
J.A.M.A. 116, 801-807.
Sabin, A.B, 1942a, Toxoplasma neutralizing antibody in
human beings and morbid conditions associated with it.
Proc, Soc, Exp, Biol. Med. 51, 6-10.
Sabin, A.B. 1942b, Toxoplasmosis. Adv. in Ped. 1, 156-188.
Sabin, A.B. 1944, Notes on human toxoplasmosis, J. A. M, A
124, 440-441,
Sabin, A.B. and P.K. Olitsky, 1937, Toxoplasma and obligate
intracellular parasitism. Sci. 85, 336-340.
Sabin, A.B, and I. Ruchman, 1942. Characteristics of the
Toxoplasma neutralizing antibody. Proc. Soc, Exp. Biol.
Med. 51, 1-6.
Sabin, A.B, and J. Yfarren, 1941, Therapeutic effect of the
sulfonamides on infection by an intracellular protozoon
(Toxoplasma). J. Bact. 41, 80.
Sabin, A.B. and J, IrVarren, 1942, Therapeutic effectiveness
of certain sulfonamides on infection by an intracellular
protozoon (Toxoplasma). Proc. Soc. Exp. Biol. Med. 51,
19-23.
Sante, L.R. 1942. Roentgen manifestations of adult toxo-
plasmosis. Am, J» Roentgen. 47, 825-829,
Splendore, A. 1908. Un nuovo protozoa parasita de* conigli.
Rev. Soc. Scient, Sao Paulo 3, 109-112.
Steiner, and D.H. Kaump, 1944. Infantile toxoplasmic
encephalitis, report of a case. Z. Neuropath. Exp. Neur.
3, 36-48.
Tomlinson, lUZ ^ 1945. Human chronic toxoplasmosis. Am. J".
Clin. Path. 15, 123-127.
Torres, CtJ^, 1927. Sur^une nouvelle raaladie de l*horarae,
caracterisee par la presence d'un parasite intracellulaire
tr'^s proche du Toxoplasma et de l*Encephalitozoon, dans le
5
tissu rausculaire cardiaque, les muscles du squelette, le
tissu cellulaire sous-cutane'e e't le tissu nerveux. Compt.
rend. Soc. de Biol, 97, 1078-1181.
^.Varren, J. and A.B. Sabin, 1942, The oomplement fixation
reaction in toxoplasraio infection Proco Soc* Exp, Biol.
Med. 51, 11-14.
Weinman, D, 1943. Chronic toxoplasmosis. J. Inf. Dis. 73,
85-92.
Weinman, D. 1944, Human toxoplasmosis, Puerto Rico J. P. H.
and Trop. Med, 20, 125-152.
V/einman, D» and R. Berne, 1944. Therapeutic cure of acute
experimental toxoplasmosis in animals. J.A.M.A. 124, 6-8.
V/enyon, CM. 1923. "Haemogregarines" in man, with notes on
some other supposed parasites. Trop. Dis, Bull. 20, 527-550,
Wenyon, CM, 1939, Abstract of "Association of Plasmodium
and Toxoplasma-like parasites in birds". Am. J. Hyg, 28,
437-454.
?/etmore, P.V/. 1941. Blood parasites of birds of the District
of Columbia and patuxent refuge vicinity. Jour. Parasitol.
27, 379-393,
V/inkelman, N.W. and M.T, Moore, 1945. Neonatal toxoplas-
mosis. Arch, Neur. Psychiat, 53, 247-248.
Wolf, A. and D. Cowen, 1937, Granulomatous encephalomyelitis
due to an Sncephalitozoon. Neur. Bull, N,Y. 6, 306-371.
iiTolf , A. and D. Cowen, 1938. Granulomatous encephalomyelitis
due to a protozoon (Toxoplasma or Encephalitozoon) . Neur.
Bull. N.Y. 7, 266-290.
V^olf, Ao, D. Cowen, and B.H. Paige, 1939a. Human toxoplas-
mosis: occurrence in infants as an encephalomsj-elitis
:
verification by transmission to animals. Sci. 89, 226-227.
Wolf, A., D. Cowen, and B.H. Paige, 194C Toxoplasmic
encephalomyelitis; IV Experimental transmission" of the
infection to animals from a human infant. J, Exp. Med, 71,
187-214,
Wolf, A., D. Cowen, and B.H, Paige, 1941. Fetal encephalo-
myelitis; prenatal inceiotion of infantile toxoplasmosis.
Sci, 93, 548-549.

Wolfson, F. 1941. Mammalian Toxoplasma in erythrocytes of
canaries, ducks, and duck embryos. Am. J. Trop. Med. 21,
653-658.
Yakimoff, W.L, 1930. Le Toxoplasme des poissons. Centralblj
Bakt. I. Abt. Orig. 101, 217-220.
Yakimoff, W.L. and N. Kohl-Yakimoff , 1912. Toxoplasma
canis (Mello) . Arch. f. Protistenk. 27, 195-206.
Yetwin, I.J. 1944. Medical Parasitology. 4th ed.
Zuelzer, V/.V/. 1944, Infantile toxoplasmosis. Arch. Path.
38, 1-19.

ACCOPRESS BINDER
BF 250-P7-EMB
Made By
ACCO PRODUCTS. INC.
Oerl'^nshurg. N. Y., U.S.A.

